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PREFACE TO THE FIRST EDITION. 



r.ARVARD UNlVtR&r> 

' ,€L OF £^?"^'^' 



OFFICE OF H£LLER A BRIGHTLTt , • 



PHlLADEiiPHiA, F^ebruory, 1874» 

^JMM^^J^E ENGINEERING PROFESSION. 



When we some three years since first introduced our " Improved Transit "to th« 
Engineering profession, we had no idea that it would meet witli so immediate 
favor as it has, especially as we made no particular efforts to spread the knowledge 
of the improvement. The first public knowledge was conveyed through the 
paper read before the American Philosophical Society by J. Peter Lesley, 
Esq., Dean of the Faculty of the new Department of Science of the Universitv pf 
Pennsylvania, as well as Professor of Mining and Geology in that institution ; 
than whom no person is better qualified by extensive practice in the field to judge 
of the quality of Surveying instruments. On the publication of this paper, we 
resolved to submit our instruments to a committee of experts to be appointed by 
the Franklin Institute of Philadelphia. This committee was composed of the 
following gentlemen : Jno. C. Tbautwine, Civ. Eng., author of the *• Engineers' 
P(H;ket-Book," works on " Excavations," " Curves," etc., and whose knowledge 
regarding all matters connected with Civil Engineering is too well known to need 
recapitulation, was Chairman ; Saml. L. Smedley, Chief Engineer and Sur- 
veyor of the city of Philadelphia ; Chas. S. Close, Esq., of the Philadelphia 
Survey Department; L. M. Haupt, Civ. Eng., Prof, of Civil Engineering in the 
University of Pennsylvania; and Ellwood Morris, Civ. Eng., autnor of 
" Earthworks," formerly Chief Engineer of the Ohio and Chesapeake Canal, and 
of other works, being the remaining members. After a thorough examination 
in whole and in detail of the instruments and the principles of their construc- 
tion, they unanimously made the report that will be found in the body of the 
pamphlet. In proof of the sincerity of the opinions of each individual member 
of the committee, we may state that since the report was submitted, the Survey 
Department of the city have procured from us all the new instruments required 
since that date, amounting to eight in all ; also that the University of Pennsyl* 
vania have purchased from us aU the Engineering instruments required by thav 
institution ; and, moreover, we have sold instruments either to every member of 
the committee directly, or to other Engineers at their recommendation. 

As we have in the last three years made two improvements in Telescopes, b 
ivord of explanation may be necessary to distinguish them apart. In 1870 we 
improved the formula in general use for Telescopes in such a manner as to prac- 
tically annihilate the chromatic and spherical aberration. This Telescope is the 
one referred to in the Philosophical Society paper, and in the report of the 
Franklin Institute Committee or Civil Engineers ; ana this Telescope is on all of 
our instruments from No. 4100 to No. 4592 inclusive. (All of our instrumep^ia 
are numbered on the face.) 

Earlv in 1873 we commenced experimenting in order to increase the power of 
i)ur Telescopes, and we only brougnt our experiments to a perfectly satisfactory 
conclusion in the latter part of December of the same year. We have made but 
comparatively few instruments with this new Telescope attached (from No. 4.*)93 
to 4646 inclusive). This latter Telescope is, however, the one which we are now 
placing on all of our new instruments ; and it was with a Telescope of this kind 
on a Transit that we made for the City of Philadelphia Survey Department, that 
the comparisons as to power, range and definition, as compared with an ordinary 
Transit Telescope, were made by Mr. Stauffer. 

The articles extracted from the editorial columns of the United Slates Railroad 
and Mining Regiskr will give the full details concerning the " Improved Tele- 
scope;" and the " Franklin Institute Report" first sees the light in these pages. 
Having within a short time doubled our force of skilled workmen and tools, and 
ihaviug also called in the aid of steam, we hope in the future to supply any 
reasonable demand on us for instruments, and to avoid the vexatious delays tii«\ 
we heretofore frequently have had to subject our friends. 



PREFACE TO THE FOURTH EDITION. 



OFFICE OF HELLER & BRIGHTLY,! 
Philadelphia, June, IS?.*). f 

To the Engineering profession we herewith present the fourth edition of our pamphlet 
materially enlarged and, we hope, improved. Through the kindness of Mr. Trautwine 
we are enabled to give all the errors that have been detected in his " Civil Engineer's 
Pocket Book." For the privilege of inserting the valuable sheet of "Topographical 
(Jonventional Signs *' we are indebted to Prof. Haupt, of the University of Pennsylva- 
nia, the following letter from whom we insert. 

1807 Chbistl^n St., Philadelphia, Nov. 30, 1874. 

Messrs. Heller & Brightly : 

Gentlemen. — Having for many years felt the necessity for a set of Conven- 
tional Signs for Topographical Engineers which should be condensed and accurate, 1 
have compiled the accompanying chart for use in the University of Pennsylvania and 
' the Engineering profession in general, believing that it will supply a long-existing 
- want in this class of information. 

They are compiled from the best American and English authorities and carei^ly 
dafisified, making any explanations superfluous. 

Yours, very respectfully, 

Lewis M. Haupt, 
Professor Civil Engvaeermg, 



PREFACE TO THE SIXTH EDITION. 

January 1, 1876. 
Through the kindness of Prof. Haupt and of the Civil Engineering section of the 
Class of '76 of the University of Pennsylvania, we are enabled to give in the present 
edition the valuable plate, " Study in Contours," and its explanatory description. 



PREFACE TO THE FOURTEENTH EDITION. 

111 this our fourteenth edition we hope our friends will find fresh matter of interest 
W« have endeavored to make this pamphlet of more value than merely as a price- 
list, and we think our eiTbrts have not been in vain, from the fact of its having been 
(on.< account of its Table of Topographical Signs, Topographical Contours, etc.) 
ad<)pted as an auxiliary class-book in eight colleges. The table of express charges on 
engineering instruments to or from any part of the United States, and the. method of 
sending parts of instruments by mail, will also be found of value. 
.V We must apologize for the typography, binding, etc., of the seventh, eighth, ninth, 
tenth, and eleventh editions, as the demand for it from visiting Surveyors and Engi« 
nueers during and after the Centennial vear required us to furnish the pamphlet rather 

a nicker than was consistent with good printing (four editions were callea for during 
le Centennial year, we having distributed an average of one hundred copies daily at 
Mur exhibit in the Main Building). 

!. As we have made several changes in our prices, the present Price List (to be fomul 
at the end of the book) will supersede all others. 

HELLEB & BBIGHTLY. 
Philadelphia, May, 1878* 



TOPOGRAPHY BT HEAVS OF CONTOURS. 



UKIVERSITY of PEHUBTLYAiaA, 

Philadelphia, Nay. 20, 1875. 

Messrs. Heller & Brightly. 

Gentlemen : In compliance with your request I have prepared a reduced 
plot to show the method of representing topography by means of contours. 

As such information can only be intended for amateurs, I will explain 
the method in detail and show some of its applications to location. 

If a series of horizontcU planes be assumed at equal distances apart, they 
will intersect an irregular or inclined surface in lines; or if a water level be 
supposed to be raised or lowered by equal stages, the successive water-lines 
or edges thus formed will represent the contour lines of the surface. These 
contours or horizontal sections are shown by projecting them upon a hori- 
zontal plane. 

In the case in question, the lowest point of the field was found, and the 
horizontal plane passing through it assumed as the zero or datum plane, 
upon which all the other contours were projected. The interval between the 
planes was assumed to be three feet, and the points on the surface at these 
various elevations, having been first determined by the level and rod, were 
located by the plane table. 

This method of representing topography is vastly superior to any other, 
as it exhibits exactly the slope at any portion of the ground ; gives the eleva- 
tion of the ba«e of any object within the tract; enables one to make vertical 
sections in any direction with accuracy from the plot, and to locate roads, 
paths or other features upon a given grade or at any desired elevation, and 
furnishes the means of calculating the contents of irregular solids with great 
precision. 

To locate a road upon a given grade, say — j^: take with the dividers 
from the scale one hundred feet, and starting from a given point — say P — 
describe an arc from it as a centre, cutting the next lower contour (27) from 
this intersection as a centre; with the same radius describe an arc cutting 
(24), and so on. The line joining these centres will be a surface-line on the 
given grade, and will be the cheapest road that can be built upon the given 
conditions. Crossing the stream at (TT''), upon a level 6^ above the water, to 
reach the top of the hill at V the grade must be increased to ^hs ^^ 'hft *^^ 
the centre line is located in the same manner, but with a radius of 6(y, as 
that will be the biise for a rise of three feet. Descending from V to W, the 
grade is the same ; but from W to X it is reduced to ^ or -^, to prevent 
cutting at X. From Z back to P two routes are shown, which are the shortest 
for the given grade yj^, although a third might be located following the 
stream to a point M, where it must be diverted to N, and thence zigzag up 
the hill, but it would be longer than the others. The two distances ZxyzSR 
and Zx^y'z^R are equal ; but the first gives a more graceful curve and will 
require less construction, the part SK being supposed to have been already 
built for the descending grade. 

These are a few of the applications of this system of projections. It is 

also of great use in dividing up land, computing areas, locating a system of 

drainage, etc. 

Yours very truly, 

LEWIS M. HAUPT, 

Prof, of Civil Enqimeerino. 
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FOfiEIGH ami AlEBICilK SIIR7EYIK& IKSTSDIENTS at tbe CEHTENHIAL 

THE PRIZE FOR IMPROVEMENTS AND PROGRESS. 



(Engineer, November, 1876.) 

Amokg the least appreciated exhibits at the Centennial by the general visitor were 
those of the Surveying Infttroment Makers; but seldom has there been seen together 
in one place (certainly never before in this country) so many specimens of different 
makes, and to one so inclined a fine opportunity was offered to study the difierent 
ooDstructions ; but very bad judgment was displayed in distributing this class of ia« 
•truments over so many buildings, as tlie migority of surveyors and engineers sap« 
posed, after examining the principal exhibits in the Main Building, that they had seen 
all in this line, not knowing that in the Coast Survey and War Department exhibits 
in the U.S. Government Building, in the separate Spanish and French buildinos 
(Travaux Publics, Fonts et Chauss^es, etc.), and in the room of the Society of Civil 
Engineers were numerous other instruments. Amot]g the instruments to be seen 
from makers in the United States were those from Heller & Brightly, Wurdemann, 
Stackpole, Gurley, Frentice, Alfred Youngs Knox ^ Shain, Fauth & Co., Kuebler & 
Seelhorat and others; while Troughton & Simms, Dallmeyer, Caasiel% Negretti Si 
Zambra, of London, Fistor & Martin, Ertel & Sohn, of Germany, Gambey, Brunner, 
Bigaud and Secretan, of France, Lgunstrom and Rose, of Sweden, besides others from 
Spain, Portugal and Bossia, etc., made a full European representation. 

The judges who had been selected to examine these instruments were all experts, 
the members from this country being Frof. Hilgard, of the U. S. Coast Survey, Frof. 
Henry, of the Smithsonian Institute, Frof. Watson, Michigan State University, Fro^ 
Barnard, of Columbia College, together with Frof. Kupka, of Austria, Frof. Levas* 
senr, of France, Favre Feret, of Switzerland, and three others. The decision and 
awards that these gentlemen have made have just been given to the public. Heller A 
Brightly are lucky ones, the especial point made by the judges being their late im- 
provements (these improvements being their improved tnpod head, tripod telescope 
and tangent screws — the reducing the weight of instrument and making it more com« 
pact, etc.). It seems like poetic justice, however, that this firm, whose instruments w« 
understand were exclusively used to lay out the buildings and grounds of the Cen« 
tennial Exhibition, should recdve the highest award in its gift. Two foreign memben 
of the commission, Kupka, of Austria, and Levasseur, of France, were especially 
searching in their exan^ination of the American styles of instruments. There was, 
However, a reason for this, as Mr. Kupka, besides his duties as judge, has also to make 
a luU report to the Austrian government on his return home on the present state of 
science in this country ; and as one result of his examination, he requested Messrs. 
Heller & Brightly to prepare for him drawings, showing in detail the various sections 
of their instruments, as he wished to incorporate them in his report as specimens «if 
wpresentative American instruments. 



2 CESmSSrSTLL mrnmEBBISQ FACTB. 

{IVom the Chicago Engineering News, September 2, 1876.) 

From Artigu£ oh "THE ENGINEERINCr INSTRUMENTS AT PHILADELPHIA," bt 

THEiB Special CoRiuspoHBEirr^ Pbof. J. fi. Davis, Ukiversitt of Michioav, 
Ann Arbor, Michigan. 

Among the most prominent exhibits of this class is tbat of Messrs. Hdler A 
Brightly, of 33 N. Seventh street, Philadelphia. This is the firm that have done more 
than any other in thifl country of late years to increase competition in the trade, and 
to wake up the different mtikers to a sense of the many improvements that may be 
made in the instrnmentsin ooronion use. Indeed, it was said of tbem by one of their 
powerful rivals that tbsy ha^ iBAde more progress in the manu&ctnre and improve* 
ment of their instruments than any one else. The gentleman really went further than 
I am ready to accompany him. when he said that they were the only ones who had 
advanced much, if any, from previous praciice. Whilst I regard this as far from an 
exact statement, it illustrates the respect in which they are held by those who compete 
against them. . They have on . exhibition a fine collection of their various producfts. 
Here is a list of what may be seen : Two engineer's V-levels, complete transit for 
mining use, plain engineers transit, geological transit, 4-inch limb; tunnel transit, 
used at the Musconetcotig and Nepquehoning tunnels ; surveyor's compass ; solar tran- 
sit, Benj. Smith Lyman't^ patent polar apparatus beneath the plate ; mining and recon- 
noissance level ; combined transit and leveling instrument ; two mining and reconnois' 
sance transits; 5-inch limb ; large mining transit, 7-inch limb ; and « plane table. Now, 
there is not one of these instrtiBients that does not show in some one or more ways the 
inventive genius of the firm. There are numerous details worked out and devised to 
improve upon old ofies. It. gives great pleasure to be able to say that in almost every 
instance the change is an improvement. * * * * It can be said with great force that 
in the work of this firm is the place to hopefully look for real improvements. Who- 
ever is to invest in instruments should give them an examination. It is of course 
quite impossible to mention all of the devices shown here,' but a few Will be given. 
The large mining transit has an adjustable lamp-stand provided with it. This staiid 
may be easily fastened upon one of the legs of the tripod, and may be quickly set so as 
to support a lamp at the proper place for illtkminating the cross-wires or for reading 
the verniers. The same transit is provided with an extra detachable telescope on the 
end of the transit axis for sighting in a vertical direction. The device for attaching 
this telescope is neat and efficient. There is also shown a large 15-second transit wHn 
three leveling screws. This instrument is provided with an arrangement of parts in 
the tripod cap that operates in a manner to accomplish the same result as is accom- 
plished by the ordinary shifting tripod cap, or "shifting tripod," as it is called. I 
think tiiis arrangement for a three-screw instrument is new. * * * * 

In closing my remarks about the exhibits of this firm, I wish to saj that I think 
their most valuable contribution to the advancement of their businef^s is the spirit Of 
invention and adaptation which they have awakened amongst their competitors. 
Since I believe we have not seen the full development of good principles of construc- 
tion in our common instruments^ I look for particularly valuable results from the spirit 
above alluded to. Whilst I regard with satisfaction the disposition of engineers 'to 
adhere to well-tried and valuable types of construction in any department, 1 am sure 
this conservatism may be carried too far and much be' lost thereby. I think this has 
been the case with those who have had to uise engineers' instruments. I am of the 
opinion that much has yet to be done to induce men to be ready and willing to try any 
new device applied to these constructions. The practice in this regard seems to havt 
improved much within a few years, but there is much to be done. It is in the hope 
that these remarks may lead some to consider this matter that they are written. 

I cannot close my account of this firm without mention of the excellent plummet- 
lamp shown by them. One is provided with a '' compensating ring,'' which is simply 
a ring upon the sides of which rest two trunnions, from the plummet and from oppo- 
•ite sides of 90^ ; from the other points proceed two light chains, which meet some ways 
i^above the plummet where the string is attached ; the lines of the attachment of the 
chains and the bearings of the trunnions are consequently at right angles with each 
other. Another has, in addition to this ring, in the place of an ordinary burner^ a 
■afety-Iamp. Both arrangements are the invention of Professor Eckley B. Coxe. * * * * 

The transits shown by Kern of Aarau, Switzerland, have three leveling screws and 
•pen spoke^wheel plates. Of course they are very light. Wyes start out from centra 
of npper plate ; there are levels on top of the telescopes ; the telescopes are not 



CiSNT£NNIAL ENGINEESING FACTS. >3 

iiXHiiited near their centse of gravity, and are therefore balanced by great pieoee oi 
braffi of irregular fthape, fastened jto their lighter ends, giving this part of the wor)c a 
decidedly clumsy appearaooe. This is especially true after one has recently seen and 
Iried the movement of tl»e five Htiller & Brightly teiesoopes. One is surprised at 
every point, in examining the work of thirt Philadelphia firm, to see the extreme cara 
and juclgment with which every detail is worked out. One cannot well help referring 
the work of other makers to theirs as a kind of standard with which to compare it 

BANGE OF AN OBDINAET TRANSIT TEIESCOPK 

MK80BS. Heller & Bbightly, 8^. Paul, Minnesota, Nov. 8, 1876. 

* * * * With the Transit you furnished me last spring year (July, 1876) I 
have made a triangulation extending over an area of about 12 square miles; it is a 
aocoess. The angles are only repeated three times ; and if a difierence of lO'^^ (ten 
seconds) between least and greatest is shown, the set is rejected and anew one taken on 
a different part of the Umb^ but this is never required. As for the telescope, I have 
seen the ordinary wooden support of a lightning-rod (probably l}^-inch diameter) 

Suite distinct at 10 miles distance, and not very clear air at that. As to adjustment^ 
le instrument is yet in perfect adjustment. * * * * 

Youre, etc., John T. Halstead. 

(From thfi PhiJ^elphia Oommerdal Titnes, Nov. 2, 1876.) 

A PLEASANT INCIDENT OF THE CENTENNIAL TEAIL 

On the evening of September 14 a number of the former students and members of 
the Alumni of the Polytet^hnic College of this city, temporarily residing here, '^doi^e 
the Centennial," met to compare notes and exchange greetings. During the course of 
conversation it was suggestea that a set of engineers' field instruments (transit, level, 
etc.) be purchased by thoAe present and presented by them to the college, as a mark 
of regard. The idea immediately took root, the money subscribed, and a committee 
appointed the same evening to procure the best and most modern instruments, ^he 
fact may not be generally known that the instrument makers are always anxious (with 
an eye to future business with the budding students) to supply colleges and institutes 
of learning, and are willing to reduce their prices considerably to accomplish this end< 
The present was no exception to this rule ; and quite a contest arose among the maker* 
of this city and other cities for the honor of supplying these instruments, and largtt 
discounts from regular prices (from 30 to 50 per cent.) would have been allowed by all 
the makers. After examining all the makes, the committee unanimously gave th6 
order to Heller & Brightly of this city. This result was the more complimentatT to 
these makers as they were the only ones that refused to make any reduction from, their 
regular prices. 

(Edvicational 'NewHy Get. 18, 1876.) 

COLLEGES AND THE CENTENNIAL. 

Oar foreign visitors who have visited the principal colleges that make a specialty 
of teaching civil engineering have found them in an. exceptional good condition. ,In 
expectation of these visits, the majority of them have tlie last few years been setting 
' their houses in order, purchasing new instniments, and furbishing up the old ones. It 
is "an ill wind that blows nobody good," and this universal renovating has proved 
profitable to the instrument makers. Messrs. Heller & Brightly have in the last four 
vears furnished fifteen of these institutions with new full sets of field instrnments, and 
nave now in hand orders from eight others, the Michigan State College at Lansings 
Micliigan, being the last to fall in line. 

{Engineering TimeSy Nov, 4, 1876.) 

SURTEYORS AT THE CENTENNIAL. 

The records kept in the room of the Society of Civil Engineers in the Main Build- 
ing, and in the Franklin Institute room in Machinery Hall, show that the number of 
European scientists and civil engineers who have crossed the Atlantic has exceeded 
the expectations or the most sanguine. As to the number of home civil engineers and 
surveyors who are visiting the Centennial, some idea may be formed from the fact that 
Mewra Heller & Brightly have at present a daily average of 150 visitors of this class 
at their exhibit in the Main Building, and have distributed over 1600 copies of their 
pamphlet, •* JVemarks on Engineers' Surveying-Instruments," at the flame place. 



i CESTESSLLL EKOIHEERINO TACTO. 

KensiBEtOD ]m MsfM of Sciesdilc MroMt!! and tte Centennial. 

The special loan collection oi Hdentific infttriiments now on exhibition at the 8oath 
Kensington Museiimy London, is especially bHrren in American exhibits. This is doe, 
however, to the Centennial Exhibition absorbing all the attention d those interested. 
The Coast Survey, Meteorological and War Departments ooaid have famished some 
interestinff specimens had this not intervened. In the *' Handbook to the Loan Col- 
lection " (article on Scientific Apparatus, etc.) special mention is made b;^ Prof. W. 
Warington Smyth of the instruments of Messrs. Heller & Brightly of Philadelphia. 
Messrs. Heller & Brightly were specially requested by those in charge to send sped- 
mens of their instruments as samples of American engineering instniments, bat could 
not accept the invitation from caoses above mentioned. — JRaikoad Wwld, Nov, 12, 1876w 



BASE LINE raiASUBEHENTO WITH STEEL TAPES. 

EKonnEERiNo Depabtment, 
School of Minib^ Columbia Coixeoe, 

FOBTY-NlNTH 8T., COR. FOUBTH AV., 

New York, Nov. 6, 1877. 

Messrs. Heller & Briohtly: * * * * Tlie Senior class are triangulating the 
Iqwer half of the Pftrk. * * * * One of the first triangles (measured with 18 repeti- 
tions of each angle) closed within (K.(y2^^ 

Our base line was measured with a Heller & Briohtlt 500 feet tape, hung dear 
of the ground, the depth of the catenary and level of end measured, and corrections 
made for Inclination, temperature, catenary, stretch of tape, etc The resalts as 
corrected were as follows: 



Corrected Length. 

760.0267 
760.0484 
760.0310 


Error. 

0.0086 
0.0131 
0.0048 


Average 760.08B3 
« • « « « 

Bespectfiilly, 


0.0036 probftUe envr. 
Henrt S. Munroe, 

Adjunct Professor of Barrejring. 



TESTS AT LONG RANGE OF FIRST-CLASS TELESCOPES. 

United States ENonrsER's Office, 1 

85 Washington Av., >• 

Detroit, Mich., Nov. 28, 1877. J 

HEiiLEB & Briohtlt, Philada., Pa. : * * * * The iostniment (parcfaased last 
summer by Gen. Weitzel) has been used during the summer for the purpose intended 
— ^to establish bench marks — and it answered the purpose perfectly. I generally took 
three sets of bench marks, the three almost invariably agreeing within 0.001 feet. 
The adjustment kept well. * * * * 

I made a few tests with the power of the telescope on the 19th inst, the results of 

which are given below. Your telescope was compared with a Gurley level telescope, 

and with a telescope belonging to a Wiirdemann level. The target inclosed (paper 

.with three oneniuarter inch stripes—two black and centre one of white — stripes one 

Wh long) could be seen with about equal distinctness at the following distances: 

Heller & Brightly telescope 1904 feet. 

WQrdemann telescope „ 1864 " 

Gurley telescope ..1287 " 

The dimensions of the three telescopes were as follows: 

Length orer 9JL 

Heller d Brightly 18 inches. 

WArdemann 18 •* 

Gurley 19 " 

♦ »♦*»»*♦**♦«#♦• 

Very respectfully yours, Auprbd Noble, 

ikMUtaot Engloeaa 
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•THE FINEST MINING TBAN8IT ON THE PACIFIC COAST." 

San Francisco, Cal., Feb. 27, 1877. 
Heller & Brighty: * * ♦ » The complete En^ineer^H Transit, full size. I or- 
dered of you a year ago, for the New Almaden Quicksilver Mine, I have often re- 
ferred to as the finest instrument that ever came to the Pacific Coast. It was a 




respect. The telescope is remarkably clear and perfect, and, small as it is, gives better 
results at long ranges than one of ***** * full size. The graduations and centering 
•re also very exact. I am using it upon some very long township and ranche bound- 
ary lines, depending entirely uptm tiie graduated liorizontal limb, and find no trouble 
*in closing circuits of fifteen or twenty miles. ******* 

Charles T. Healey, C.E., 

Engineer New Almaden Quicksilrei' Mine, 
Acting Engineer of the Guadalupe QuieksUver Mine;. 



THE LARGEST ORDER FOR SURVEYING INSTRUMENTS 
EVER GIVEN IN THE UNITED STATES. 

(Bkffineer, December 1, 1877.) 

The new course of studies in the School of Mines of Columbia Colle^ (New York 
City), as mapped out by the authorities, will require a decided increase in the number 
of field instruments as compared with those heretofore used by Professor Vinton. 
When fully organized, thirty-eight transiis, levels and plane-tables will be required, 
the cost for these three items alone amounting to over eiglity-three hundred dollars. 
Mes8RS. Heller & Brightly, of Philadelphia, who furnished the field instru- 
ments for the University of Pennsylvania, Princeton College, Dartmouth College and 
the University of California, have also received the contract for furnishing these ii>* 
Dtruments to Columbia College. 

(Engineering and Mining Journal, New Yorkf December 8, 1877.) 

One of the largest orders which has beefi given in this country for surveying in- 
struments was recently given by Columbia College, of this city, to the well-knowo 
manufacturers, Messrs. Heller & Bkightly, of Philadelphia. The first installment 
of this order, consisting of eight combined transit and leveling instruments, foui- 
Y-levels and four plane-tables, has just been delivered. The requirements of ihe 
School of Mines, under the '^ new departure " inaugurated by Professors Trowbridge 
and Munroe, will call for over three oozen transits, levels ancf plane-tables. 



{^Frtnn the Engineering and Mining Jaumaly New York, Jan. ^6, 1878,1 

AN UNSUSPECTED 80UBCE OF EKBOB IN MAGNETIC 
NEEDLE READINGS OF 8UBVEVING IN8TBUMENT8. 

Willie engaged ^ taking some delicate bearings with a surveyor's compass, the writer 
was puzzled by the magnetic needle not giving the bearing of the same object twico 
alike; this sudden vagary of the needle was the more unaccountable from the fact tliai 
the compass was an exceptionally good one, with extra sensitive nee<ile, and had hereto- 
fore always given very good resuln. An investigation was had as to the cause of the 
inaccuracies, and from the nature of them it was thought that " magnetic attraction,'' in 
the shape of iron in the metal of the instrument itself, might be the cause ; biit an 
examination with a " test needle " proved this not to be the fact The clothes of the 
observer were then carefully searched for anything that might have a tendency to draw 
the needle from its proper settling-place ; but no pen-knife, steel watch-chain, nickel- 
plated sleeve-buttons, etc. could be found. It was, however, noticed while reading the 
Deedle that it never quiU" settled, but was in a constant tremor and vibration, and an 
examination of Uie magnifying glass used in reading the needle was made. The mag- 
nifier was similar to those now so universally used to read the verniers and needle* 
hearings of field instruments, having a black hard rubber or vulcanite frame, and thig 
D ame polished to a high gloss : and the whole cause of the trouble lay in this case or frame. 
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It was found that this frame was peculiarly liable to become electrified ; that the sIighteBt 
frictioDy even the mere carrying m the pocket, was sufficient to charse it ; and that when 
thus electrified, if broiight near the needle of a compass, it had almost the effect of a 
h>adstone in drawing it (sometimes as much as half a degree of arc) from its tree 
settling-place. On discarding this magnifier, and using an ordinary glass lens without 
a frame, no further trouble was found m the field-work done with the compass. As all 
tbte instrument-makers of this conntir furnish these hard rubber frame magnifiers with 
their field instruments^ the liability of these frames to become thus electrified should be 
made known. Any surveyor havmg one of this class of magnifiers can convince him- 
self of this fact in the following manner : Tear tissue paper or newspaper into small 
shreds ; rub the frame of his magnifier briskly on the coat sleeve for a few moments ; 
this friction will so charge the fnune with electricity that, if held above the paper, the 
paper will fly up and attach itself tightly to the frame, or if held near to the " test 
magnetic needle" (which all instrument-makers use to prove their roetal's freedora 
li-om iron) the needle will instantly be drawn to the frame, and stick there as if it were 
made of iron. This electrical trouble was found to be at its greatest in clear cold 
weather, and when the rubber cases were new and highly polished ; greasing the cases 
was found to somewhat diminish the evil, and touching with the damp finger also dis- 
charged the electricity somewhat. Examination was also made of other magnifiers, 
those with brass, Grerman silver and horn frames, such as are sold in optical stores, and 
on testing with the .^ test needle/' the majority were found to be afilicted with " magnetic 
attraction," arising from impure metal in their cases, rivets, etc. 

In conseauence of these examinations one firm (Heller & Brightly of Philadelphia*) 
Have ceasea furnishing these rubber magnifiers with their instruments, and have sub- 
stituted other frames that will stand the test of the '' test needle.'* In connection with 
this subiect the following remarks, while not new, may not be out of place : " Be sure 
that notning to attract the needle is carried by the surveyor in the shape of penknives^ 
watch-chains, buttons, or iron rivets in the magnifier used to read the graduations. Of 
late years new causes of error from this have risen. The new watches in which the 
ipovements are made of nickel are almost as powerful in attracting the needle as if those 
movements were made of iron. The felt-hat makers' modern fashion of stifiening the 
rims of their hats by inserting around the edge a small iron wire (the extra broad- 
brimmed, termed the ^ military,' should especially be tabooed) should make the surveyor 
examine both his hat and his watch." 

There is, however, a general ignorance (especially among land surveyors) on this 
important subject, and one case that lately came under the writer's notice will be given 
in point: A land surveyor, not fancying the brassy look of his compass, had the entire 
instrument, with its ball and socket and sights, nickel plated, not knowing that as far as 
its effect on the needle was concerned he might as well have coated his instrument with 
iron. Aluminum has also been used instead of brass for instruments, but on account 
of the metal having " magnetic attraction " it is not suitable for needle instruments ; 
this attraction is especially noticeable after the hammering process that is necessary to 
condense the aluminum after casting ; this hammering " polarizing it," as it were. 

I . . I ■ ■ ■ ri 

* These " non-magnetic attraction frame magnifiers" famished ny ua are precisely similar in appear* 
ance to the hard-rnbber frames mentioned above (the glass itself is, however, sharper defining^ than 
Ihe ordinary store glasses), but with the important exception, that these horn frames cannot be ex- 
cited electrically, as is the case with the rubber. Care is also taken that no magnetic attraction enters 
into the composition of the various pins and rivets, and that, when fully completed, they shall stand 
the severe test of the " test needle." If any surveyor who has been troubled with this electricity in 
bis niagDifier will send us in a letter one dollar and sixty cents, we will, per return mail, forward to 
bis address one of these magnifiers, post-paid. HELLEB A BRIGHTLY. 



(From the Pofytechnie Journal, April 27, 1878.) 

BBONZING SUEVEYORS» COMPASSES AND TRANSITS WITH 

A THIN COAT OF IRON. 

An old engineer friend in writing to ussays: "It is the almost universal practice of 
American instrument-makers to produce the beautiful dark color with which the 
Instruments are darkened before lacquering by means of a dip consisting of iron dis. 
iblved in muriatic acid." Our correspondent is correct as to the evil effects of covo 
Ihg an in.«»trnment with a thin scale of iron, which is llie practical result of using a 
^ip of this daps, but the prt^sent status of this dip is as follows: Some seven yeura 
ii>\ca Heller & Brightly, instrument-makers of Philadelphia, substituted for this iron 
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the more costly platinum dip (a gallon of the iron dip costQ twenty cents to manuftuN 
ture; a gallon of the platinum $5.00). Since then almost all the other makers haro 
also adopted this platinum. We regret, however, to say that we have seen within « 
the last six months field-instruments that had been made in New York city, New 
York State, Boston and Chicago which were darkened or bronzed in this manner; 
those makers who still adhere to this reprehensible practice do so on account of its 
cheapness, and -also probably fr^m ij^ranceofits t>ad efiects. ^.This 'Mron. dip" 
bronzing can readily be detected by the stove-blacking lustre thdtt it imparts td^ the 
article bronzed, but the surveyor; on purchasing an instrument from any maker, should 
insist (and make ii part of his contract) that tliis iron dip shall not be used in the 
bronzing of it. 



THE PRECISE MEASUREMENTS OF THE CENTENNIAL BUILDINGS AND 
OF THE NEW YORK ELEVATED B,AlhYfkY.—EngineeHng Review, May lSylS79. 

The completion of the Elevated Railway in this city will, we hope, solve the ques- 
tion of ** rapid transit." * * At the very. outset one of the perplexing questions was to so 
atrange that all tlie material, that was being rnqdJe hundredrt of miles from itn final 
resting-place, should fit preceisely together after being brought to the grounds and 
placed on the piers that were already in place. After considering and rejecting the 
various merits of chains, steel tapes, stadia measurements, etc.^ the chief engineer, 
after consuming with Messrs. Ueller & Biightly (who furnished the Trancits, 
Ijcvels, and other field-instruments for the railway), decided upon wooden rods 25 feet 
long, such as had been designed by Messrs. H. & B. for the Centennial Buildings. 
The above troubleis not an uncommon one in Btcnotores of lai^ extent and having a 
multiplicity, of details, and the more especially since the introduction of the modem 
practice of having all the material made at places distant from the structure, and of. 
Biich refractory materials as iron and steel, as these cantaot easily he altered'. ' The 
engineers (Pettit & Schwarzmann) in charge of the large Centennial Buildings, such, 
ais the Main Exhibition, Horticultunil, Agricultural and Machinery Halls, also found' 
that chains, tapes, etc., could not be Absolutely relied on for their close measurements, 
and a substitute had to be found. Messrs. Heller & Brightly (the makers of all the. 
field'instruments for the Centennial engineers) designed a rod of raited white pine 25 
feet long, trussed and braced in such a manner that, even if supported only at the 
ends, no sag of any amount, either vertical or horizontal, should be perceptible. 
Levels were placed at each end, and the whole rod was easily carried by one man. 
This rod proved ko satisfactory in the construction of the Centennial Buildings that all 
tne principal measures were given by it. As mentioned above, this same pattern of 
rod was used on the Elevated Railway of this city, and, in the words of the chief 
engineer, ** gave entire satisfaction in every respect.^' 

TESTS OF FIELD INSTRUMENTS AT THE CENTENTHAL GROUNDS-^ 
SEVERE TESTS FOB TEhmC&2ES.— Bailway Jourrwi, January XlS7^. 

A severe test of Engineers' Transit instruments Was made a few days since at th« 
Centennial grounds. ***** Qn the following test, out of twenty new Transits of 
difierent makes that were tried, all foiled, with one exception. The test was this: 
The Transit was carefully leveled ainl plumbed over a point, and from this point, with- 
out moving any {wrt of the instrument (except the object-glass slide of the telescope) 
for focussing), new points (stations) were established at every 50 feet up to 800 feet. 
This was done by measuring off ,60 feet cc^ntihuously, and carefully marking at these 
places where the intersection of the cross-wires cut. These points Were supposed to be 
all in one straight line. The Transit was then carried the 800 feet to the opposite end 
of this line, Ciirefully blumbed over the last point (steition), and the telescope cross- 
wires made to cut the nrst point. The telescope object-glass slide was. then moved so 
that each of the thirty-nine points previously established' was focnssed ; and if the 
Instrumeilt was correctly made, the crow-wires of the tetescope should have cut these 
thirty-nine ))oints, but in only one make of instrument (Heller & Brightly) was this 
the case, as the cross-wires of all the other instruments struck to the right or left. 
This irt a most pevere test of a telescope — in fact, so severe that one manufacturer 
present as-^erted that no instrument could perform it. There were some grounds for 
this assertiop. ,- for if the slides of a telescope be made so that they are not projected 
in an absolutely straight line (or, in other words, that the *Mine of collimation" for 
long and short distances is not absolutely the Kame), the object-glass perfectly centred, - 
and the instrument in perfect adjustment, it is not possible to perform the above feat. 
In some of the telescopes tested, the telescope-slides slid in and out in such a curve 
that the feat of "shooting around a corner ** did not seem to be an impossibility to theiu. 



INTERNATIONIIl 
EXHIBITION. 

PHILADA., 



X87e. 

Pan^DELPRiA, Nmmaber 7, 1870. 

REPORT ON AWARDS. 



i\Mh)cl.— SURVEYIN6 AND ENSINEERINe IHSTRUNENTS. 

ifamt and Addrm 0/ EzhibUor.—HELLZR L BRIGHTLY, Philadelphia. 

The U7hder8i£ned (judges on instruments of precision), having ex- 
amined the products herein, described, respectfully recom- 
mend the same to the United States Centennial Commission 

for Award . This firm, has lately become distinguished by 

improvements on the ewatomary methods of constructing Sur- 
veying iTistruments • • * improved details — and by the con- 
struction of Plane Tablea of superior quality. 



Prop. J. E. Hilqakd, 

Bapt. V. 6. Cout Surrej, WiahlDgtoii, D. C 

Pbof. F. a. p. Barnard, LL.D., 

Columblk Collase, N. Y. 

Prop. P. F. Kdpka, 

Anuria. 

Gen. Hbnbt K. Oliteb, 



Geo. F. Bbibtot, 



PsoF. Joseph Hgnbt, LL.D., 

Smltbtonlan IniUlute, WulilDftou, D. 0. 

Prop, James C. Watson, 

Unii. or HIehlgu, Add Arbor, ICteb. 

Pbof. Jul. Schiedmateb, 
Prof. E. Levasbeur, 



Prop. Edw. Fatre Perret, 

Men Tork. SitlUerlind, 

GWen bjr aathoritf of Ihe D. S. Centennial CommiMion. 

A. T. GOSHORN, Director-Gaaepal. 
J. L. CAMBPELL, J. E. HAWLEY. 
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(DBCUNATION OF THE MAONETIO NEEDLE.) 




TEDLE.) LINES 




VABIATION TABLES. 



1 Tuiin-wwna NEEDLE. 



LINESlsvo., 



VARIATION TABU8. 



n 



Altered Meoidlog to v\et of Congreu, in the jeat 1878, bj Hxllrb A Bk]gbti.t, is the Ottee of Um^ 

UbrariAn of Congresa, at WashiDgton. 



A TABLE FOR THE USE OF LAND SURVEYORS, 

aiVTNa THE VARIATION OF THE MAONBTIO NE^SDLB (BAST 
OR WEST FROM THB TRUS NORTH), IN ALSa PARTS OF 
THE UNITBD STATES, OANADAS, MEXICO AND SOUTH 
AMEOaOA, FOR THB NBXT TEN YBARS. 

This table ffives the mi^nietic Tariations in degrees and hundredths of a degree for 104 different localitiea 




Turnisbed oy tbe untied mates uoast survey. Toe nunarein or a aegree oeing intny-six seconas ot arc 
(36'0, the first example (that of Halifax, N. 8.) would be, if given in full in degrees, minutes and seconds 
of arc — 

1879. 1880. 1881. 1882. 1888. 1884. 1885. 1886. 1887. 

15' ae" I 20° 16' 48" I 20° 17' 24" | 20^ 18' 0" | 20^ 18' 36" | 20o 19' 12^ | 20° 19' 48" | ao® 20* 24" 1 20O21'0* 

Those numbers having the w sign are leetl Tariation ; these having the e sign are eatL 

Published by HELLER & BRIGHTLY, Philada. 
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W IJO.Oi 

W llo.7i 
W 90.4fc 
W 80.71 

WlV.8t 
W 70.9i 

W «o.oi 
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YABIAXION TXBLSB. 



1 1839. 



w 1».01 

•K 00.16 

w 70^1 

W eo.67 



80.24 
30.43 



Erie, Pa 

Woodstock, Va 

i etersburg, Va 

CtLpa Hatteraa.. 

C •relaad 

Wilmington, K.C.. 

Raleigh, N. C 

Weaton, Pa. 

Detroit, Mich 

Jackaon, O , 

Rutberfordton, N. C. 

Wew York, N. Y ^ 

Kingston, Cau 

Sackett's Har., N. Y 

Borne, N.Y 

Brooklyn, N. Y 

Jeracy City.lJ.J 

Philadelnhia, Pa.... 

Cainden.K. J 

Owego, N. Y , 

Washlngt4>ii, D. C. w 

Cape Henry ...w 

fynariesiOB*. •••••»'•••••• 

Toledo, O 

Golumbua, O 

Portsmouth, O 

Ironton, O 

Charlotte, N. C 

Monks, 8. C 

Savaanah, Cla 

Grand Bapids, Mich.. 

Decatur, Ind 

HMfllton, O 

Aiken, S.C 

Key West ...e 

Havaaa b 

Kingston, Jam e 

New Orleans, La 1 

Jackson, Miss ) _ 

Carlinville, lil f* 

Quincy, Wis J 

Vera vrni e 

Mexieo, Hex b 

Aeapnlco s 

Panama s 

Sill Bias B 

SanBiego b 

Monterey, Cal. b 

San Francisco, Cal b 

Cape DiaappoiBtmettt.E 
Bl&a, Alaska b 



b. 00.66 



•B 10.94 



80.72 
40.82 
30.19 



60.67 



60.59 

70.52 

70..58 

50.72 

80.50 

130.47 

160.05 

160.50 

21o.94iE 

280.55iE 



1880. 



W 20.31 



▼ 10.06 w 
B 0O.1BW 



w 70.84 



1881. 



w 20^ 



1888. 



W 20.40 w 20.46 



10.07 w 
0O.17 



w 70.89 



W 60.76iW 60.84 



W 80.26 
W 30.6O 



B 00.62 



B 10.89 



w 
w 



80.29iW 
30.59 w 



B 00.60 



B 10.83 



B 80.65E 
B 40.8liE 
B 30.I6B 



80.60 b 

40.77IE 
30.13 B 



10.09 



188t. 



w 10.12 



w (fi.72yr {PXt 



W 80.04 w 80.12 



W 60.92 



w 70.00 



30.32 w 30.35 
30.68 w 30.77 



B 00^7 ■ 00.54 



B 10.77 



B 10.71 



30.55 B 
40.74E 



30.11 



60.48 B 
70.46|E 
7051 E 
50.70 
80.47 

130.50 

160.08 

160.52 

220,00 

280.50 



E 
E 
E 
E 
E 
E 
E 



'I 

6o.38'b 
7O.40,B 
70.45,E 
60.66'E 
E 
B 
E 
E 
E 
E 



80.44 
130.53 
160.10 
160.53 
220.06 
280.45 



60.28E 
70.34 E 
7o.38;e 
50.62 B 
B 
E 
E 
E 
E 
E 



80.41 
130.55 
160.13 
160.54 
220.13 
280.40 



30.50 
40.71 



JcRHe. 



W 20.48 



w 10.I6 



00 J2 



W 80.17 



W 70.O8 

W 30.38 
W 30.84 



B 10.66 



B 
B 



B 60.62B 60.56B 60.^b 60.43 



6O.I8 B 
70.26' E 
70.31 iB 



50.59 
8O.88 
ISO..*)? 
160.15 
160.55 
220.19 
280.30 



30.45 
40.68 



B 30.09 B 30.O6 



B 60.38 



60.08 

70.19 

70.25 

50.56 

80.36 

130.59 

160.17 

160.56 

220.2? 

280.29 



1S8S. 



W 20.i4 

w io.ie 

r 00.86 

w 8095 

w 70.I6 

w 30.41 

w 30.90 



188S. 



B 0OJS2B 80,60 B 0*^.48 



B 10.60 



w 20.55 

W 10.20 

w 00^1 

W 80.29 

W 70.24 

w 3P.44 

W 30.97 



10.65 



8O.40;b 
40.64 E 



B 
B 

B 30.03 



B 60.33 



50.97 

70.13 

70.I8 

50.53 

80.31 

130.02 

I6O.I8 

I60.5 

220 26 

280.23 



30.34 
40.6I 
B 30.01 



B 6 0.26 



1887. 



60.87 
70.O6 
70.10 
50.50 
80.27 
130.65 



1868. 



W 20.69W 20.6* 



10.21 



W 00.46 



w 30.34 



w 70.35 

W 80.46 
w 40.05 



00.46 



B 10.50 

30.28 
B 40.58 
E 20.99 

B 60.20 



160.19 E 
160.58iE 
220.29|E 
26o.l7iB 



50.76 

60.98 

70.02 

50.47 

80.23 

130.68 

I6O.2I 

I6O.68 

220.84 

28P.11 



w 10.27 



W 00.50 



w 80.39 



w 70.89 

W 80.48 
w 40.12 



B 00.44 



B 
K 



B i^M 



80.21 
40.55 



B 204tt 



B 6O.I8 



50.66 

60.91 

60.96 

50.44 

80.19 

130.71 

160.23 

16^.59 

22^.38 

28^.0i» 



' The best practical method of determining preciwly the true meridian of a place is by obserrlng 
the North Star (Polaris); when this star is at ita greatest distance from the meridian east or w«»t, 
ft is said to be at its greatest eastern or western elongation. The following Tables show the times 
of its eastern and western elongations. The eastern elongations are put down from the beginning 
of April to the end of September, and the western from the beginning of October to the end of 
March. * 

The western elongations in the fli^t case, and the eastern in the second, occurring in the day- 
time, cannot be used. Some of the others put down in the table are also invisible, occurrinK In the 
evening before it is dark, or after daylight in the morning. In such case (if it be necessary to de- 
Ermine the meridian at that particular seaaon of the year) let 5 hours 59 minutes be added to or 
subtracted from the time of greatest eastern or western donation, and the observation made at 
night when the star is on the meridian. 

TIME OF ELONGATION OP THE NOBTH STAB (FolarisM UrscB MinX 

April 1, 1888, to April 1, 1884. 

Computed for North Ijatitude 88o, and whioh .will, serve, for all Latitudes 
. from 260 tp ^O^ North, and for all Dates from Aprils 187Q, to April, 1888, 



with an Brror of less than five minutes. 



V) 



The timeis are reckoned from noon, astronomical tlme^ 'An'^atftr<Mi6ai1^flI>''da7 commences at 
nooiH and ia ^eckonec( from oi^e to twe|ity-foar| hours ajiccessiT^y ; the ^ivil day 69inmetic<es at tht 



VARIATION TABLES. 
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Mreceding mid night, and is reclconed from tweWo hours twiae in a single day ; therefore the laal 
tweiye hours of the civil day correspond to the first twelve hours of the astronomical day. 

(Table prepared (1878) at the United States Coast Survey Office by direction of Hon. C P. Pat* 
lerwD, Supt. U. S. C. 8.) 

EASTERN ELONGATIONS. 





Day. 


• 

1 


• 


• 

9 

a 


■ 

'a 


• 

1 


September. 


1 




A. m. 
18 37 
18 14 
17 50 
17 26 
17 03 


A. M. 

16 39 
16 16 
15 52 
15 28 
15 03 


A. w*. 
14 37 
14 14 
13 50 
13 26 
13 03 


A. fn. 
12 39 
12 16 
11 52 
11 29 
11 05 


A. m. 

10 37 

10 14 

9 50 

9 27 . 

9 03 


A. m. 
8 36 


7 




8 12 


13.. 


7 48' 


19 


7 25 


26 


7 01 







WESTERN ELONGATIONS. 



Day. 


1 

8 


a 
« 

1 


M 
a 


• 

1 


s 

1 


March. 

• 


1 ., 


A. fn, 
18 27 
18 04 
17 40 
17 17 
16 53 


A. tn. 
16 25 
16 02 
15 38 
15 15 
U 51 


A. fn. 
14 28 
14 04 
13 40 
13 17 
12 53 


A. fn. 
12 26 
12 02 
11 39 
11 1& 
10 51 


A. tn. 

10 24 

10 00 

9 35 

9 13 

8 49 


8 30 


7 


8 06 


13 


7 43 


19 


7 19 • 


9K 


:::..:::::.:.::: i 


6 55 









THE DAILY VAEUTION OF THE MACHSTETIO NEEDLE. 

It has been found that at about the time of sunrise the north end of the needle hasa^low motion-: 
toward the east which soon ceases. The needle is tiien said to l>e at its eastern elongation : ita; 
north end' then begins a retrograde motion toward the west> and at about one o'clock in the after*; 
noon reaches the point at which it is said to be at its western elongation, after which it again ' 
turns back toward the east. : x 

The times at which the needle reaches its eastern and western elongations vary with the seasons' 
of the year (with the sun's declination), happnning a little earlier in summer than in winter. >;. 

The angular range between the eastern and western elongations varies also with the season of ' 
the year. ^' 

The average position of the needle for the day is called the fnean magwMo fneridian. ' ; 

At about six o'clock in the evening (and for about an hour before and after), thToughout the, 
year, the position of the needle coincides very nearly with the mean magnetic meridian, and thisi.' 
therefore,- is the time most favorable for making observations to obtain at once the mean variation. . 

For reducing the direction of the needle observed at other hours to the mean magnetic meridian; 
the following Table is furnished. It gives to the nearest min'i*^A the variations of thja needle fromi' 
Its average position during the day, for each hour in thu day for tne tour sea.sons of tlie year. 



TABLE FOR REDUCING THE OBSERVED DAILY VARIATION TO THE MEAN VARIA- ' 

TION OF THE DAY. 

(Table prepared (1878) at the United States Coast Survey Office by direction of Hon. C. P. Pat*: 
terson, Supt. U. S. C. S.) ; 



■ 


The needle points east of the 
mean magnetic meridian — 


1 

The needle points west of the mean magnetic ; 
meridian— ' . "^ 




A.M. 

• 

A. 
6 

3 

4 

2 

1 


A.M. 

A. 

7 

4 
5 
3 
1 


A.M. 

A. 
8 

: 4 
5 
3 

.J5 


A,M. 

A. 
9 

• / 

3 
4 
2 
2 


A.M. 

h. 
10 

1 
1 

t 


A.M. 

A. 
11 

1 

2 
2 



Noon. 


P.M. 

5 

6 

4 

: 3 


P.M. 

A. 
2 

5 
5 
3 
8 


P.M. 

A. 
3 

/ 

4 
4 
2 
2 


P.M. 

A. 

4 

3 
3 

1 

s 


P.M. 

A. 
5 

.2 
2 
1 

1 


P. It' 


Hour ..., 


Noon. 


A. : 

6 . 






Sorinz 


4 
4 
3 
2 





Summer 


1 » 


Autumn «. 


a 


Winter «*. 


a 
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VARIATION TABLES. 



The following Table ezhibite the angle which the meridian plane maltes with the vertical plane 
passing through the North Star (Polaris) when at its greatest eastern or wesCern elongation. Such 
angle is called the azimuth — the mean angle only is put down, being calculated for the first of Juljr 
of each year. 

AZIMUTH OF HOBTH STAR (Polaris, A UrscB Min.) AT ELOMATIOIT, 

1878 to 1888. (Latitude, 26'' to 60'' Horth.) 

(Table prepared (18T8) at the United States Ck>a8t Survey Office by direction of Hon. C. P. Pat 
terson, Supt. U. S. C. S.) 



1878. 

1879. 

1880. 

1881 

1882. 

1883. 

1884. 

1885. 

1886. 

1887. 

1888. 



26® 


28© 


80O 


320 


84«> 
o / 


360 


38° 


4SP 


4SP 


440 


460 


4SP 


o / 


o / 


o / 


o / 


o / 


o / 


o / 


o t 


' 


/ 


/ 


1 29i 


1 81| 


1 38 


1 35 


1 37i 


1 391 


1 42^ 

41| 


1 45i 


1 481 


1 52 


1 56 


2 001 


29i 


82f 


34i 


361 


89i 


441 


48 


511 


551 


2 00 


29 


3d|' 


32i 


34J- 


36i 


881 


41* 


44i 


471 


51 


55 


1 591 


28i 


soi 


32 


83| 


36 


38i 


41 


44 


47 


501 


541 


59 


28i 


291 


3U 


834 


351 


88 


m 


431 


461 


501 


U\ 


581 


28 


29i 


H 


3^i 


36i 


37i 


% 


4:^ 


46i 


491 


531 


58 


27i 


29 


301 


321 


35 


37 
36 


421 


45: 


491 


531 
521 


671 


HH 


281 


30i 


32i 


34i 


39i 


42i 


451 


49 


57 


261 


28i 


30 


82 


34 


36 


39 


41f 


45 


481 


521 


561 


26i 


28 


291 


3U 


33f 


86 


38i 


411 


441 


48 


511 


561 
661 


26 


271 


29i 


8li 


33i 


351 


88i 


41 


44 


471 


511 



50® 

o ' 

2 051 
04i 
041 
031 
031 
021 
021 
02 
Oil 
01 
001 



The following Table of the present (1878) yearly change in the magnetic variation gives a close 
approximation of the amount of change along our immediate sea-cctast. For the interior States 
the information is very scanty, and therefore less trustworthy. The yearly chani^e is expressed in 
minutes of arc. A + sign indicates increoM of westerly or decruue of easterly variation. A — sign 
indicates an ^ereoM of easterly variation. 

TEABLT (SeoTilar) OEAME DT THE HAaNETIO VARIATION OF 

TEE OOMFASS NEEDLE. 

(Table prepared (1878) at the United States Coast Survey Office by direction of Hon. C. P. Pat 
terson, Supt. U. S. C. S.) 



Locality. 



Maine, coast of. 

Maine, interior 

New Hampshire 

Vermont 

Massachusetts, eastern part 

Massachusetts, western part 

Rhode Island and Connecticut 

New York, Long Island 

New York, northern and western part 

New Jersey ' •• 

Pennsylvania 

Ohio • 

Tennessee, eastern part 

Tennessee, western part 

Missouri 

Delaware, Maryland and Virginia 

West Virginia 

North Carolina, South Carolina and Georgia 

Florida, northern part »« 

Florida, southern part 

Alabama and Mississippi, Gulf coast of 

Louisiana, eastern part 

Louisiana, western coast 

Texas, coast of. *> •- 

Texas, southwestern part I 

New Mexico and Southwestern Arizona • J 

California, coast of 

Oregon, coast of. * ••••< 

Washington Territory, coast of 



Yearly 
change. 



+2 

+3 

+31 

+61 

+21 

+3 to 4 

+3i 

+3 

+41 

+3 

+31 

+21 

+21 

+2 

+2 

+8 

+31 

+31 

+31 

+3 

+3 

+21 

+2 

+1 

(probably.) 

-U 

—2 to 21 
—21 to 8 



REMARKS 



ON 



ENGINEERS' SURVEYING INSTRDMENTS. 



We are often applied to by Engineers respecting the methods to be eic 
ployed in testing tke accuracy of the various parts of Engiiieers' InstmmentS; 
the errors to which they are liikble, and the means of correctioiL (Thesse queries 
are, however, mostly from those ju»<t commencing practice, their elder brethren, 
as a general rule, knowing how to make an instrument ** prove itself/^) 

la the following articles we have endeavored to comply with these requests. 
It would surprise those who think '' one instrument as goa 1 as another *' to oe 
informed that in perhaps no other branch of mechanism are palpable ** errors 
of OBUSsion and COmmUsioa" more common than in ours — surveys cxtendincf 
over months of time have heen rendered almost useless from ^Mnstriimental 
error," and a considerable portion of the business of our courts of law is caused 
directly and indirectly by imperfections of instruments. 

The recent case of the City of Burlington, N. J., is in point* Here the 

courts were so frequently annoyed bv land suits from defective surveys that tho 
Legislacure of the State was compelled to pass a law that an entire re-survey, by 
a competent person and first-class instruments, should be made. A law re- 
quiring every instrument to be tested and proved by a competent person (not 
necessarily a manufacturer) would have a tendency to weed out instruments 
which, like " Peter Pindar's" razors, are made, ** not to use, hut to sell." 

We will not stop to speak of the ordinary adjustments of instruments, as they 
are found in every elementary work pertaining to Civil Engineerin;' — if a know- 
ledge of these, however, be required, '^Trautwine's Engineers* Pocket-bcok'' will 
give them in detail. We will mention in their order, the Transit, Level, Tele- 
scope, Compass, Solar Compass and Plane Table. 

THE TRANSIT. 

A first-class Transit Instrument should possess the following (qualities . In 
the first place, all its graduations sliould be on silver plate (instead of on the 
plain bragg and silver washed, as i« usual) — all astronomical instruments are done 
in this way« as a smoother, truer graduation can be had. The divisions of the 
horizontal limb should be truly graduated and centred (i. «., the gradua- 
tions should be /jreclsely the same distance from each other — the centre of the 
graduations and the centre of revolution should be preciselt/ at the same point). 
The instrument should always have tWO opposite vemiers to the horizontal 
Umb (and these verniers should be equally spaced). In astronomical instru- 
ments more than two verniers are absolutely necessary, but we are now speaking 
of Engineering Instruments. 

The interior of the glass level tubes should be ground^ in order that their 
bubbles may act correctly. • The needle should be sensitive enough to co- 
incide with the verniers of the horizontal limb without disagreeing more than 
8^ The centre upon which the vernier plate turns, and the common centre 
upon which the entire instrument revolves (we are now having one of the best 
class of Transits under consideration — i. e„ one with ionn compound centres)^ should 
be concentric with each other, and the levels, if adjusted to one centre, should 
rv\verse upon either one at will. Both of the centres should be always cosered^ and 
not detachable from the main plates. 

The tripod and tripod head should be firm and steady, the centre of gravity 
of the instrument brought as neax to the tripod head as possible, and the in- 
fitrum'^nt not top-heavy. The tripod should be furnished with an adjustable 
tripod head for precise centring of the instrument (the adjustable tripod head 

*See fl. S. Haines' letter, aeeompanying FrankFin Institute liepurt oi Civil Engineers. 
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# 

is intended for precisely centring the instrument, after approj[iinate'.y setting 
by the legs in the following manner). First approximate by the legs to within an 
inch or less, loosen two of the leveling screws, then move the entire instrument 
until the plummet is precisely centred. While placing the instrument level by 
means of the leveling screws it is again clamped. 

The leveling screws should have deep threads, good milled iinger-heads, and 
be well fitted to their nuts. — The openings and windows in the npper plate for 
reading the verniers of the horizontal limb should be as wide as possible, to 
admit light freely upon the verniers and plate, thus facilitating an accurate 
reading (this single point as a general rule being overlooked). The vertical are 
or circle (if one is used) should have a diameter of not less than 4 J inches, to 
allow single minutes (at least) to be read easily. 

The plates and centres should move smoothly in all temperatures. 

The spindle of a tnming lathe can never be made precisely round, and of 
course any article turned in a lathe can only be as true as its spindle. Any 
work that is required to be precisely round and true, such as the journals of the 
axes of an Astronomical Transit or its centres, is turned on a lathe in which the 
spindle remains stationary, and the work revolves between centres. — In order to 
insure the actual truth of the centres of all of our instruments, they are made by 
this method (termed turning between "dead centres"), although it has hereto- 
fore only been used for astronomers' instruments. 

The mechanical construction should be so arranged that all the parts shall 
as far as possible brace each other. The tangent screws should move smoothly 
and have no " back lash." 

The Telescope should be balanced in its axis. Its leneth from 10 to 12 inches, 
to allow of its reversing in its standards, both at eye and object ends; it should 
have power enough to set an ordinary flagpole at 1000 feet; its object glass 
slide snould move in and out in a 'perfectly straight line, in order that the line of 
collimation, when adjusted for a long distance, shall be correct for a short one. 
(This precaution does not always receive the attention it should, and young En- 
gineers are frequently at a loss to account for discrepancies in their observations 
which are due to this cause.) 

The slide of the object glass should be long enough to be able to focns an 
object five feet from fne instrument. The adjustments of the telescope (and 
in fact of the whole instrument) should be as few as possible, every part admit- 
ting of it to be made as permanent as practicable. One end of the axis of the 
telescope should be adjustable, so as to make the "line of CoUimation " revolve 
truly in a. vertical plane; and this adjustment should be provided with a jam 
nut, in order to fasten it securely after adjustment. The best method of testing 
this adjustment is by a star as near vertical as the telescope will allow of; if, 
after careful leveling of the instrument, the telescope cuts this star and its re- 
flection in a basin of quicksilver, it is equivalent to cutting the two ends of a 
plumb line at least 50^ million million miles long. 

Having mentioned the traits a good transit should possess, we will pass in 
review some of the more common defects ; and in this connection will take the 
opportunity of remarking that all the defects we will enumerate are matters of 
almost every-day observation in establishments that have a large amount of out* 
side repairing to do. 

As the Telescope has been termed 'Hhe brain ; and the gradnations the son] 
of a Transit," we will first take imperfect graduation, as tliis is the most serioua 
and damaging imperfection, and one of the most diflicult to avoid in practice, as 
any of the following causes may defeat it during the process of construction. 
Namely — an imperfect graduating engine, defective centring, unstable cutting 
arrangement; and even if all these be correct, in the very act of graduating the 
plate may shift on the engine, from change of temperature ; or the clamps, meta) 
of the plate, or engine, may expand unequally from the same cause; in fact, the 
manufacturer, with all the care he may take, is not sure himself w^hether th€ 
process of graduating a plate has proceeded correctly until the graduations them- 
selves are proved by means of its own opposite verniers, and until '* testing re- 
versions," for the purpose of proving tne centre and graduations, have been 
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LATE IMPROVEMENTS 

FEOULIAB TO THE HELLEB & BBIGHTLT TBANSIT. 

(See Illustration for explanixtory letters.) 

■- • » 
a. — Dust- and rain-guard to object-slide of telescope. 

The obJectHilldea of all lieleseopes are necessarily expmed to flving dust, grit, etc. ; this settles 
on the slide and is carried into th« main tube of the telescope, rapidly wearing the tube and the slide, de- 
^troylnar both the aeeur»l« projection of the objeet-prliuw in a straight line and the trullB 
or the line of eolllmntlon. Dampness and rain were aUo admitted inside the telei>cope, dimming the 
glasses and settling on the crotw- wires. This arrangement a is a perfect safeguard against all these evils. The 
parts lettered / and g are also dnat-gnnrd * to the leveHng-»erew K. 

&.— The Ternier^plate taiigent-screiv. This tangent-screw has also a dust- and rain- 
guard. 

(Both the tangent-screw h and the one moving the axis of the telescope (seen just below n) are provided with 
an arraiieement for taking up "lo»t motion," or wear iu the screw. Bee pamphlet, page 23, Report of Comtn. 
of Civ. Eng.) 

c. — Ivory refleetors over the g^laas ^vindovi^s of the two verniers p. (The second vernier 
p and its ivory reflector c are on the opposite side of the horizontal plate P, between the standard V, 
and of course cannot be shown in the enaraving.) 

(All engineers must hav« noticed the difficulty of readlna: the verniers p on a brlfrht day, 
thi« dithculty being caused by the glare of the silver surface, which renders necessary the shading of the ver- 
niers bv the hand or a hat. The ivory reflectors e remove this annoying glare ; they are also inclined at Huch 
an Angle as to throw a soft white llsht on the divisions. In mine-8urveytng or nigbt-observations light 
from a lamp or lantern falling on these renectors uUowb tne divisions of the horizontal plate and its verniers to 
be easily seen and read.) 

/. — DuAt-caps for protecting upper portsot leveltng^screivs K from dust, rain, etc. 

g. — Stuffing-boxes for protecting /ou-«r_pan^ of leveling-screws K from dust, rain, etc. 

A;.— The lotver end of these leveling-screws K are so made as to be perfect balls, which work and 
are concealed in a soclcet k. 

Bv this means, while using the leveling-screws K, a smooth, equable motion is had wll^hout Indentlngr 
the lower parallel plate 8, on which they rest, and also facilitating the use of the *' plummet shlfllnK- 
plate'' d. ; 

d.— ^I&iftlng-plate to tripod-liead, for precisely setting the plummet of the transit over a 
point on the ground after approximately setting the plummet by means of the trlpo<l legs, 
the plummet being suspended from the centre of the instrument at J. 

Q. — Neiv form of tripod-leg, in which the wooden leg Q incloses the brass cheeks of the tri- 
pod-head, the leg being tisbtcncd or loosened by merely turning the threaded w^lng-nut J. 
A screw on the end of the through-bolt prevents the wiug-nut being screwed too far out and lost. 

Note.— In the old ft»rm of trlpod-les, in which the wood Is Inclosed by the brass cheeks of 
the tripod-head, trouble constantly aro.-ie, pieces of paper or leather being resorted to to take up the shake 
occasioned by the wood of the legs contracting in dry weather or by wear, and In damp weather the 
swelllnif of the wood also creating dithculty. In the above new form of tripod- leg all these annoyances 
are overcome. 

It «vlli be noticed that there is a << siglttlug-sllt," similar to those in the sights of a Survey- 
or's Compass, iu the vernler-clamp of the vertical arc ; there is also a similar '*slgl&ting-slit" 
in the opposite clamp 2. (This slit, however, can be onlv partially seen in the cut.) The use of 
this is as follows: When the 0° (or zero) of the vernier clamp cuts 80" on the vertical arc and the 
index on the opposite clamp made to cut a line that will be found on the brace of the standard V, a 
rlglkt-angled siglit is had tlirough tlie sighting-slits. This is convenient for offsetting, 
right-angles, etc. _^^_^^_^^^_^^^^^^^^,^^__^^^^_ 

D. — Iiong-bubble tube under the telescope, for leveling, etc. 

The graduated vertical arc s has itoo rows of figures— one for angles of elevation, the 

other for depression. The telescope can be set perfectly level by means of the long-level bub- 
ble D D and the tangent-screw (at n) on the standard of the telescope. If an anglie of depres- 
sion is required to be read, the vernier-arm is made to touch the screw t at the left-hand end of 
the vertical arc s; the zero lines (or 0°) of the vertical arc and the vernier-arm will then agree. 
Then clamp the vernier-arm to the axis of the telescope by means 0/ its milled-head screw. On depressing 
the telescope the vernier-arm will show the angle passed over. If, after reaching the end of the arc, 
a greater angle than 60<^ be required, proceed as follows: Clamp the axis of the telescope by means 
of the clamp z; uuclamp the vernier-clamp and move it back until it again touches the 
screw t; loosen the clamp z and again move the telescope. By thus repeating the angle the enti. ^ 
circle can be read. It will be observed that by merely unclamping the vernier-clamp and the clamp 
z from the axis of the telescope the telescope can be revolved in auy direction, as if it were merely a 

" plain " Transit. 

B. — A ring surrounding the telescope, and carrying four capstan -headed screws, two of them, p a 
being at top and bottom, while the other two (of which t ^s one) are at the side and at right 
angles to pp; these capstan-headed screws are to be used in adjusting the cross-wires of the tele- 
scope to the " line of coUimation." The small holes around the heads of p p admit the end of a small 
steel pin or lever to turn them in case adjustment is necessary. Besides these four capstan-headed 
screws, there are at the top and bottom of the telescope tu^o otiier ca|»8tan-lieaaed screws 
(one of which is seen beside/)); these latter are for adjusting the two slides carrying tlie siadia 
%vires. It may be as well to state that, as the slides to which these wires afe attached are moved 
Independently of the diaphragm carrying the ordinary horizontal and vertical cross-vrires, 
the stadia-wires can be at any time adjusted writliout fear of disturbing in the least any 
of the adjustments of the ordinary cross- ivires. 

n. — Capstan-headed nuts for adjusting the long-level bubble-tube D. 

One end of this tube can be raised or lowered by means of these nuts n n, one of which must be 
loosened before the other is tightened. - - - _ — - 

E. O.— Telescope. X.— Axis of telescope. One end of the axis (at z) is arranged with an 

adjustable block moved by a screw; this is for the adjustment of the cross-wires to the tracing 

of a vertical line. D. — Brass tube inclosing a sensitive glass level bubble. L. — Screwr 

for raising or lowering compass-needle. — — C. — Compass-box. z. — Clamp for holding tele- 
scope in any required position. p. — Vernier for reading horizontal limb or circle. 

This vernier is covered with a glass window. There is a second vernier opposite to this, but it 

•s not shown. e. — Clamp-screw for binding the two plates together. After such binding the 

upper or vernier-plate can be moved very slo%vly by means of the tangent-screw 6. 

y. — Clamp to lower socket. H. — Clamp-screwr to clamp y. (t. — Tangent-screvirs, or set 

screws to clamp y. S. — Large screw-cap to secure instrument to tripod. r. — Capstan- 

Ikeaded screw^s for raising or lowreriii|j|^ the tw^o levels M in adjusting. The curved piece 
8»*en projecting over the level M at the front ol the '^ompass-plate is iuteaded as a guard to protect 
the glass level-bubble in M from accident. 

'For explanation of other parts of the telescope, tripod, and instrument, see explan- 
atory remarks under heatl of Leveling Instrument. 



THE TRANSIT. t 

taken on all parts of tbe circle ; the *' fertile prindpU: of reversion" and its peculiai 
merit of " doubling the real error, thus making it twice as easy to perceive " here, 
OS in every other adjustment of the instrument, making each part prove itself. 

It was mentioned among the points of a good transit that the horizontal limb 
should have two opposite verniers. Without these even the manufacturer himself 
cannot (as explained above) be sure of the accuracy of his graduations ; how- 
ever, by taking a mean of two opposite readings, reversing and repeating, an 
accurate angle can be taken even though there be an imperfect graduation. 

One very rare cause of error of observation may be mentioned in speaking 
of the reauing and testing of graduations. We refer to those persons who, prob- 
ably from some defect of the humors of the eye (not from advancing age), are 
unable to read a vernier correctly. Extreme cases of this ''personal aberra- 
tion" are fortunately rarely met with ; the writer in fifteen year? intercourse with 
hundreds of Engineers has only met with two ; in both of these, if a reading 
was taken and noted by them, the vernier might be shifted two minutes to the 
right or left, and these parties could perceive no change in the reading, — and in 
their field operations close reading of graduations had to be taken by assistants. 
We do not here refer to the "difference of reading" of ti\o persons, which under 
the term of ''personal equation" is calculated and allowed for in refined as- 
tronomical observations.* 

If the Engineer is satisfied that his graduations are coriect, he need read but 
one of his verniers, rendering the window of the opposite one opaque (to pre- 
vent mistake by reading the wrong vernier) by dulling it with oil, or pasting a 
wafer on it. It is a good method, where two verniers are used, to have some 
mode of designating them apart ; our own mode is to engrave the letter A 
upon one, B upon tne other. The numbering of the degrees may be done 
in several ways; our own method is to place on both the horizontal limb and 
needle ring two rows, one behind the other, and each row of a different sized 
figure, to prevent mistakes; one row in quadrants (0° to 90° each way), and the 
other a continuous one or from 0° to 3G0°. What are known in the trade as 
Surveyors' Transits (a form which we never make), and sold cheaper than the 
regular Engineers' instruments, have but one vernier. The centres, etc., of this class 
of instrument are not of a construction to admit of, or made as a general rule 
accurate enough to allow of double verniers, and of course great accuracy cannot 
be attained with such instruments. Those who purchase an instrument will find 
it the best policy to procure one accurate enough for the best work they may 
over be called upon to do, but only to work up to the full accuracy of their in- 
strument when the character of the work may require it. As to the amount of 
error of graduation found in the ordinary run of instruments, it ranges from one 
to five minutes ;t some exceptional cases going even beyond this ; but these latter 
were evidently caused by some disarrangement of the graduating engine, and 
could not have been overlooked had the instruments had opposite verniers. 

As a minute of arc cau^ies an error of over 18 inches in a distance of a mile, 
in no casi should the error of graduation be allowed to reach a minute. It is 
best in reading the graduations to hold the magnifier as near parallel over the 
graduations as possible, move the head slightly and notice whether the gradua* 
tions seem to move ; if they do, parallax is the cause; raise or lower the magnifiei 
until no movement is seen. It is best not to use a magnifier with too high a 
power; one? from two to three inches focal length is sufficiently powerfiil for gen- 
eral use. The spacing of the verniers should also be exact— that is, in a 
minute vernier (reading a half degree plate) they should be precisely 29^ apart,—* 

• To 8how that this ''personal equation" is inborn and not the re^nU of inezperienoe, 
we may mention the oa^ea of the two celebrated atstrooomioal obdervers BoBSel and 8traV6> 
between whom at one period of their lives it amounted to.8 of a second, and at a later period 
to a full second. 

t Much di:(.sati8faction with these instminonts (Engineers' Transits) was expressed by the 
assistants ; their objections were these, — ^first, an eooentricitj or imperfection of graduation 
•f two minutes, more rarely three minutes, was frequently found in the reading of the ver- 
niers of the horizontal limbs, etc. — Extract from Beport of Chief of Engineers, C. S. A., U 
the Seo. of War, House of Kep., pnb. doo., 1873. 
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one common error in verniers is the not spacing all the lines equal (t. e., som^ 
being 28^ 30^^, others 28^ 45"^ apart). One of the ea4sie8t metiildds to prove their 
freedom from this defect is by setting the halfway line (16^) to cut a line on the 
horia&onial limb, and the other three 15'' must cut (presuming that the vernier** 
are double, and opposite, properly adjusted, and a truly graduated horizontal 
limb). Our own practice in adjusting Transits is to test our horizontaJ 
limb with powerful microscopes, by opposite readings and ** repeating rever^ 
adons " on every part of the circle. 

It also serves to keep the instrument in better order if the tripod head, with. 
its levelling screws, can be detached and packed away with the instrument proper- 
In travelling the tripod should have a cap to its head, and a ring to connne the 
legs. The acyustments will keep better if four india-rubber washers are screwed 
at the corners of the bottom of the box, as these washers often absorb shocks 
and prevent their reaching the instrument with so much force. Remember 
also that the necessarily experienced frequent adjustment of an instrument, 
more especially of the cross wires, is due not s6 much to use as to the common 
error of supposing that the tighter screws are forced, the firmer and more lasting 
will be the adjustment. On the contrary, something must be strained, and every 
change of temperature is then more liable to alter the adjustment. 

The adjusting levers should be rather short than otherwise (say about 1^ 
inches) — inasmuch as by using a long one too much force may be inadvertently 
applied, and thus either snap a screw or overstrain some more delicate part of 
the instrument; in fact, a brass wire would perhaps make the best adjusting pin, 
as it would bend if undue pressure were applied. Another common error is 
to place leather washers under the levelling-screws. This should never be done, 
especially on a Levelling instrument, the leather being aifected both by the 
weather and by the pressure of the ends of the screws. It is almost impossible 
for an instrument with such leathers to retain precisely the same line of sight 
even for a few moments. 

The brass of which the instrument is made should not be ordinary yellow 
brass, for several reasons — first, because the brass as it comes from the melting- 
pot is too soft for use, and requires to be condensed with a hammer; and this 
hammering can never be so equally done but that some parts will be more con- 
densed than others, and unequal expansion and contraction, and hence derange- 
ments of adjustment at every change of temperature, are the results; second, the 
ainc which is a prominent part of the alloy of yellow brass will in time by mere 
atmospheric exposure change the texture of the metal, so as to make, it lose a 
certain percentage of its cohesion. Lockmakers and those who use thin brass 
of this kind for springs well know that if it is exposed to the weather for some 
time it loses its cohesion, and breaks at the slightest pressure like pie-crust — in 
their phrase becomes "rotten." Of course this is almost an imperceptible 
change, but some unaccountable variations of the adjustments of instruments 
(the heavier, the more liable) can only be explained on this hypothesis. The 
proper metal for instruments is an alloy with little or no zinc, and in density 
at least as close as the best hammered brass ; hard ** bell-metal " being the best. 

A variation plate is also sometimes added to the ordinary transit in the 
manner of the variation plate of the ordinary Surveyors' Compass, and for the 
same purpose. This adds however to the* weight of the instrument. Any 
ocmtrivance for taking sights at a right angle to the telescope will be found 
useful for offsetting. We always add one to our complete transits. 

The ordinary Plummets that are used with the transit to centre it over a stake 
or point will also require examination, inasmuch as some of these, from cavities 
in their interior (from defective casting), although apparently solid on the outside, 
will not hang plumb ; and in nice operations may be an unsuspected cause ot 
error. The best method of testing these is while holding the string of the 
plummet in the hand, to twist the string somewhat, and while the string is un- 
twisting, to lower the point of the plummet into a basin of water; if the weight 
Is hot truly distributed, and consequently the plummet not true, the eccentric 
«otion of the steel point will scatter the water. 

As the defects of the telescope will be treated under that head, and those of 
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the magnetic ne«dle under " Surveyor's Compaas," the reader is referred to those 

articles. 

We here close the "errors of workmanship" of the transit instrument; b» to 
the defects of the plan of their construction, and the methods devised for their 
remedy, the reader will find this subject treated in detail in the paper from the 
A.meri'can Philosophical Journal, and in the exhaustive report of the Committee 
of Civil Engineers^ a little further on. 



Mmma transit. 

A TTTLL DBacRipnoN OP OUR NEW TRANSIT, intended for mining purposes, will be 
found in Prof. R. W. Raymond's paper further on. Since that paper has been 
written we have made several changes which render them more complete for 
the purposes intended. Instead of a prism lo the eye-piece, an extra telescope is 
placed on ihe top of the axis of ihe regular telescope.. This top telescope bwings 
clear of the plates, and allows a vertical sight to be taken directly up or down a shait; 
or any angle of elevation or depression to be taken too steep for the central telescope 
to measure. This tele^^cope makes the instrument similar to the '* eccentric or German 
Mining Transit," with this advantage over that form — that when a steep slope )s not 
required lo be measured it can be removed in a moment and packed away in the box, 
and the central telescope used as usual. This top telescope is adjusted ^^o as to be 
parallel with the central one. It is also so arranged that the long level and vertical 
circle of the centre telescope can be used by the side one. 

As the proper reading of the graduations is one of the greatest troubles the 
Mining Engineer has to encounter, we have devised two articles to facilitate 
it. One is a small reflector that weighs 1^ ounces;^ the other is a small attach* 
ment to the transit tripod for plaoinff a lamp on ; this consists of a small table, 
on which by a " Cugnot'a joint" and* double centre arrangement a lamp can be 
placed in any position or angle that may be necessary. — This arrangement is 
strong, compact and effective, only weighing 24 ounces, and can be packed away 
in the transit box. 

We also make a lamp weighing about 5 ounces, which is more compact than 
the one ordinarily used ; it is crescent shaped on the interior to fit to the curve of 
the observer's hat, and a simple arrangement secures it there. — It can be quickly 
detached and used either in the hand or on the table above mentioned. 

Copper should always be the material of the Mining Engineers lamp« and this 
copper should be tested as to its freedom from magnetic attraction. We now 
furnish with our Plummet Lamps cases large enough to enclose a pair; a strap 
on the outside of this case allows it to be carried over the shoulder. — The ordinary 
coal-oil such as is used for lamps is used ; the wick to be adjusted for use so that 
the flame is about l\ inches high. These last three (i. e., the Reflector for the 
cross-wires, the Reflector for tne graduations, and the Table) are also useful in 
taking astronomical observations with the ordinary Transit, such as, deters 
mining the magnetic variation, the true meridian, etc. 

TUNNEL TRANSITS. 

The long Tunnels which have been built of late years, and the numerous 
others that are contemplated or in th<} course of construction, have created an 

* Another invention of this Arm \9 a pniall reflector nrfnohment to a mine transit, to faciU^ 
tate the reading of the iln<^le^. It is nietallic, in Khape the quadrant of a cylinder, and it hati 
a base or support which doubles up with the cylinder when not in use. It is placed just be- 
hind the vernier opening, and the light is reflt'oted down upon the vernier, thus avoiding the 
Boiling of the instrument with grease and prnut, which occurs when holding the light over it, 
and the reflector can be removed when not in use. — Extract from the report of the committee 
of visitation of the Polvtechnio College to the establishment of Messrs. Heller & Bri^htlVj 
from the Polytechnic Bulletin, ^ov.« 1878* 
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entirely new class of Transits, which to designate them are caHed TlUinel Tran 
sits. — I'hese heretofore have been nothing more than the bar and centre of ai» 
ordinary Levelling Instrument, with standards high enough to allow of the re< 
versing of the Telescope (which generally has been the ordinary 17-inch Level 
Telescope) ; but our attention having been called to the defects of this mode of 
construction, we havii devised one that possesses all the accuiacy of the As* 
tronomical Transit.* — In a Tnnnel Transit, the principal adjustment being tliat 
of making the " line of coUimation" revolve in a truly vertical plane, the same 
means employed in adjusting and testing the Astronomical Transit are also em- 
ployed (/. €., the ends of the axis of the Telescope are cylindrical and resting on 
small Y's, to allow of its being taken out and reversed end for end. A sensitive 
striding level is attached to the axis at right angles to the line of sight). 

The Telescope should be as poweml as possible, as very long sighfi) are 
necessary in this claiis of woik. 

LEVELING INSTRUMENT. 
A first class Leveling Instrument should possess the following qualities*. 

The Telescope should be powerful enough to read the face of a leveling rod dv- 
red (i. e., without the aid of a target) at at least 800 fe<it— the object slide of 
the T(4escope (like that of the Transit) should slide in and out in a perfectly 
straight line, so that the *' line of collimation,'' when in a^nstment lor a long 
distance, shall be correct for a short one. — ^The test? for proving the optical per- 
formance of the Telescope will be treated under the head of Telescope, 

The interior oi the glacs le^^el lube should be ground to a regular curve, so 
as to secure both accuracy and sensitiveness in the bubble; if the bubble, instead 
of being cylindrical in bore, should be slightly flinnel-shaped (which is very 
apt to be the case without great care), it will be quite impossible to either adjust 
or level with accuracy. This serions bat common detect is no doubt the un- 
suspected cause of much inaccurate leveling. 

The tripod and head should be very firm, and the centre of gravity of the level 
as near to the tripod head as possible. The centre of the instrument should 

be long, firm and well fitted to its socket, and not detachable from the instru- 
ment proper. 

Inasmuch as it is difficult, on steep sideling ground, for either the rodman or 
leveller to know whether the rod is held vertical, we always place marks on the 
collar of the Telescope and inside of the Y's; by observing if these are in con- 
tact, the leveller will be certain that when his instrument in leveled his vertical 
hair is truly vertical, and this enables him to keep the rod vertical, unless the 
rodman has a plummet or some contrivance similar to our **rod level.*' 

One form of Level (one which we never use) that is liable to constantly lose 
its adjustments unless great care is used is that in which the cone of the socket 
enclosing the centre fits into a recess in the tripod head. If any flying dust settles 
on this socket (which it is almost impossible to avoid), it will cause it to siick so 
fast that to take the instrument from off the tripod requires a sudden shock up- 
ward to release it from the recess; this shock of course cannot but be detri- 
mental to the adjustments. The beat plan, when this form of instrument i« 

*0n the eighth of December, Mr. Heller, of the firm of Heller & Brightly, by invitation, 
brought iheir "Improved Tunnel Transit" to the college and exhibited it before the several 
elaase?. He gave a short account, of the construction of an ordinary Transit and of Tunnel 
Transits, and explained the adjustmentg requisite to prove their accuracy', aft«}r pointing out 
the distinguishing features of their Tunnel Transit ns compared with the ordinary style, the 
principal of which Mr. Heller remarked having been suggested by J. Button Steele, Esq., and 
first applied in practice to the Tnnnel Transit used by Mr. Steele in the iilignment of Nes- 
quehoning Tunnel (Carbon Co. Penna.), . . . and that another one of these Transits was 
now being used by Robert H. Sayres, Esq., of the Enston and Amboy R. R. in aligning a 
Tunnel on their road of over a mile in length. ... At the close of Mr. Heller'e remarks, the 
Principal, aOer referring to the inorense of Tunnelling operations «t the present d«y, and the 
necessity of all the details connected therewith being olosely^ studied by the scholars, a vo*e 
of thanks to Mr. Holler was moved and unanimously adopted.— From the Polyteohnic Bulletin^ 
^»nnsry, 1874. 
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used, is to be careful before settiDg the instrument on the tripod to he sure that 
both the outside of the socket and its recess are scrupulously clean : all the 
&l>0¥e causes of instmilLeiltal error in levelling are well known to those who 
make levelling a tfpecialtv. especially to the " Canal Engineer." The sudden 
death of the late Ellwood Morris, Esq., prevented the completion of a work for 
w^hich he was peculiarly adapted, and tor which he had been accumulating ma- 
terial for many years, on **Leveliilf and Leveling Instraments/' After serving 
as a member of the Committee oi Civil Engineers appointed by the Franklis 

Institute to examine our ** Improved Transit,'* Mr. Morris entered into a long 
correspondence with us in reference to the defects of the ordinary Level, and the 
removal of them, in which he alluded to all the above defects. In referring to 
the above-mentioned defect of the object slide, not moving in a straight Ime, 
he remarks : '* One trouble I have frequently had — in the aberration caused by mov- 
ing the tubes for short and long sights. — I once had a Level which I never could 
make agree with itself in a transfer across a river, though I knew it was in 
good adjustment at all points. ... I have realized these defects from long ex- 
perience and much anxiety, but am not enough of a mechanic to give tlie true 
remedies. ... I have said that ffocd vjrork has been done with modern Levels, 
defective as they are, but it has betiu with a world of care and trouble on the 
part of Assistant Engineers, who are very far from being stupid men." 

We were much S&uck, in our correspondence with Mr. Morris acid others, to 
learn what a diversity of opinion existed even among experts as tp what could 
be called '*close leveling," — Mr. Morris in one of his letters asserting,/'! 
have long ago made up my mind that no man can be considered a * prohcient 

leveller' who cannot ran a line of liBvels in a circuit of 100 miles without 

differing more than one-tenth of a foot upon his closing bench-mark.]* On 
mentioning this test of proficiency in leveling to another practical engineer, he 
retorts in this wise, — " I have just, with my new level that you furnished me. run 
one line of levels about ten miles, and when I closed back on my bench to test my 
work found an error of 0.07 ft., — this is close work, but it would not be close 
enough for your friend (Mr. Morris). — If any one should close on his bench 
with an error so small as he would expect (^ in 100 miles), I would say it was 
simply an accident, and the several errors (rod errors and distant errors) had 
in tne aggre^^ate balanced each other, and led him to suppose himself anexpert.*' 

A third thinks that even Mr. Morris's error is too large, and that the leveling 
rods that read to j^q^j of a foot do not read close enough, and that for his own 
use he has had a rod divided so as to read by vernier to jjjijni ^^ * ^*^^^> — ^^^ ^^ 
the Leveline Instrument of this last expert, which he declared was in perfect 
order and atyustment, was found, on trial by us, to be out of adjustment ^ of a 
foot in 300 feet, perhaps his opinion rnay not carry much weight. 

The result of four series of test levels in France, of from 46 to 140 miles, 
averaged a difference of y\y of a foot in 43 miles, and the greatest error was J of 
a foot in 56 miles ; another series of test levels in Scotland of two sets of levels 
of 26 miles was 0.02 of a foot. 

If the instrument is a good one, and in perfect adjustment, and used by a 
competent person, the only two causes of error in leveling that can occur (ex- 
cept by carelessness) are from what are called **rod errors" and ** distance 
errors*' — the "nxl error'' being caused by the assistant not holding the rod 
precisely vertical, — the "distance error" by the curvature of the earth af- 
fecting the result, when the **back" and *'fore" sights are of very unequal 
length. 

To counteract as much as possible these two causes of error, we have devised 
for the first a **rod level"* — this " rod-level " is also intended for setting transit 
•* flag-poles" vertical, as well as "levelling rods." 

* ** We were also shown a spirit level for the use of rodmen. It is an ordinary disk-leyel 
attached to an L-shaped piece of brass, a limb of the L extending downward, and at a right 
angle with the level. By placing this limb against the side of the rod or flag-staff, and olasp' 
ing it there, the rodmnn is enabled to know when bis rod is vertical/' — Extract from 
the report of the committee of visitation of the Polytechnic College to the establishment of 
Messrs. Heller ^ Brightlyi from the Polytechnic Bulletin, Nov., 1873. 
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For the distance errors, we place on the " diaphragm," or ring carrying th<! 
Drdinary cross-wires, two extra hairs,* — these we adjust so as to pi'tciaefy take in 
I foot of a rod placed at 100 feet distance from the instrument. — After taking the 
level reading, the space on the rod enclosed by these hairs is also noted, and 
the rod sent in the opposite direction until the hairs enclose the same space. — For 
example, if the hairs inclose 3^ fieet on the rod, the rod is 350 feet away from 
the instrument. — To avoid taking the wrong hair in the ** level eight" the 
** Stadia hairs " are placed vertical, and the telescope after taking the level 
siffht must be turned quarter around in the Y's to read them.t 

in a recess on the inner edge of the " clips" that confine the telescope in the 
Y's, there is generally placed a piece of cork, or a spring to bind the telescope. — 
When this cork, etc., fails to bind, either a new piece of cork must be substi- 
tuted or paper placed between to clamp. — We have arranged our clips so that by 
slightly turning a milled head screw on their top the cork is forced out suffi- 
ciently to again bind the telescope. 

In some level telescopes, it will be observed, while turning the telescope 
in the Y's, for the purpose of adjusting the cross- wires to the ** line of collima- 
tion," that the object appears to move with the telescope. — The cause of this is 
that the object glass is not well centred (i. e., the optical axis of the object 
glass does not lie in the same line as the axis of the telescope tube) ; this is a 
serious defect that can only be cured by substituting in whichever the defect 
happens to e^ist a new gl&ss or tube.]: 

TELESCOPES. 

A good Telescope should possess power, definition and liffht; and every 
part should be made with the greatest care, so as to have as few adjustments 
as })ossible. 

As to the method by which we have doubled the power of our Telescopes 
without increasing their length, the reader is referred to the articles on pages 
25 and 26. 

If two Telescopes are to be compared, as to their power, definition and 
light, they should be placed side by side, and looked through at the same time,} 
in order that any atmospheric or local influence should afiect both equally. An 

optician's test, a watch dial, should be used ; the difference of magnifying power 

between the two instruments can be seen by the apparent size of the dial ; and if 
In one Telescope the dial appears twice as large as in the other, this Telescope has 
twice the magnifying power. — In the telescope through which the dial appears 
brightenU the light is most abundant; and the sharpness of outline of the figures 
and minute lines will give a good test of the definition. 

If the face of the dial appears sharp black and white, with no tinge of 
color, and the image as sharp at the edge as at the centre of the field of view, 
the chromatic and spherical aberrations are well corrected. — Besides the above 
test {i, e., the brightness of image) for the amount of light passing through the 
Telescope, let the two Telescopes stand side by side until twilight comes on; the 
one which will show objects latest has practically the most light. 

Adequate magnifying power is the first requisite in a Telescope, not only 
for viewing objects at a distance, but for the purpose of doing more accurate 

• See nrticle on Sfadia measurements. 

f Thes^e Stadia hiiirs will tiUo be found useful as a means of measuring distanoes quicklj 
fslien "flying levels" are taken. 

J This "error of centring" must not be confounded with the error of the line of eolIim&- 
tion not being the same " for long and short distances," the first being caused by a "defective 
object glass," the second by a defective "object slide or tube." 

^ The best time for telescopic observations is not when the sun is shining, as is generally 
impposed ; on the contrary^ a clear cloudy day, or when the sun is slightly obscured. Recollect 
also that the best sight is always in a direction opposite to the sun (t. «., sighting to the west 
in the morning, to the east in the afternoon). A good background to the object will facilitate 
the view (the sky is a very good one if it can be obtained) : if none can be had naturally, iiii> 
provise one of some neutral tint behind the object. This is specially needful in long rangea* 
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work at comparatively short distances, as the ease with which sights can he 
taken and judged adds to the fisicility of the .field work. ' Besides the above 
testa, after precise focussing of an object the slightest pushing in or drawing 
out of the object glass (by means of its milled head pinion) from the point of 
distinct vision should render the image confused and indistinct, ^' for a Telescope 
that will admit of much motion in the sliding tube without affecting sensibly the 
distinctness of vision will not dehne well at any point, for its ohject glass has 
spherical aberration/' 

The following test will show whether the glass is perfectly achromatic (or 
without color) : ** focus on a bright object, such as a star, etc. ; ulteruately push in 
and draw out the eye piece from the point of distinct vision. If in the former 
case a ring of purple is formed around the edge, and in the latter a light green 

i which is the central color of the prismatic spectrum), the glass is acnromatio, 
or these colors show that the extreme colors red and violet are corrected." The 
placing of diaphragms or stops within the object slide or body tube, so na 
practically to reduce the diameter of the object glass from i to ^, is a common 
out reprehensible 'practice, inasmuch as such diaphragms exclude light, so that 
operations cannot be continued to as late an hour in the afternoon. 

On examining the object glass head of our Telescopes, an index msirk will 
he found across the cell of the glass and the head of the slide. — The object of this 
is, in Case the object glass cell is ever taken out, that by seeing if these marks 
coincide when it is again screwed in, we may know that it is at the same place; 
or that the glass has not gotten loose by transportation. 

Defective centring of the object glass, ana of the lenses of the eye piece, and 
crooked tubes are by no means uncommon. — These last defects, however, may be 
'concealed (except from experts) by screw adjustment-s (in the manner of the web 
diaphragm) of the eye piece and object glass. — These last, however, if the glasses 
and tubes are true, are unnecessary ; for if the object glass and the lenses of 

the eye piece of a Telescope are properly made and mounted, the tubes 
perfectly straight, the slides properly ntted, the lino of collimation (when 
adjusted) must come in the centre of the field of view, and if it does not, 

something must be wrong in some part of the Telescope, and any mean!^ of ad- 
justment only conceals the evil. 

One error of judgment is also sometimes made, and that is that Ihe bore of 
the Telescope tune itself is so small as to cut off considerable of the light from 
the object glass. — Some Engineers prefer a small hole in the eye cap to sight 
through, others a large one, — but they must recollect that the size of this hole, 
as well as the size of the Telescope tube, is fixed by rule. 

The eye-cap hole should always have a slide to cover it. — Both this and th'3 
cap on the object glass should always be kept on when not in use. This is a point 
that is almost universally neglected; the cap as a general rule being lost within 
a few weeks' time; but if it is recollected that the Sue polish of the object glass 
gives in a great measure the sharpness and brilliancy to the objCCt, — which if 
this polish is destroyed is also in a measure destroyed— more attention would be 
bestowed on it. Any one who has looked through an old ship's Telescope in which 
the polish has been destroyed by constant wiping of the glasses may have ob^ 
lerved this. 

If the object fflass becomes dusty> brush it off with a fine camel's-hair brush, 
or a piece of soft, clean buckskin, linen or silk, taking care to use a fresh place on 
the buckskin at every rub. If the glasses become very dirty, wash them with 
alcohol. 

SURVEYOR'S COMPASS. 

In a good surveyor's compass the slits of the sights should be precisely in a 
line with the two zero lines of the ring, — and these sights at rignt angles to 
the main plate. — It should be as light as is consistent with strength and steadi- 
ness. The magnetic needle is, however, the main point, and any one of the 
following defects will prevent its free working — ^bad steel, — too great heat iv 

forging,— improper tempering or defective magnetism. 
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We sometimes receive communicationa from parties wishing to make magnetic 
needles, — the following will give them the information sought for. 

The steel should be either of shear or the best cast steel, converted from 
Swedish Danemora iron (shear steel being the best, however). — If the needle ia 
forged into shape, care should be taken not to overheat it durine that process.— 
After filing and finishing into shape and length, it is to be hardened and tem« 
pered, and it is this operation that is most liable to be improperly performed,-^ 
Uie needle being so thin that it is apt to get too hot in places, ana burnt steel 
never magnetizes properly. 

Onr own method is to heat a crucible of lead to a cherry red color, and t* 
heat the needle therein, and when it is to the proper heat plunge it into water, — 
the beauty of this method being that, even though the needle be allowed to re- 
main a considerable time therein, it can never attain a greater heat than the lead 
itaelf has. 

After hardening, the needle should be tempered.— A good rule for the degree 
of hardness to which the steel is to be reduced is this: when the length ex- 
ceeds thirty times the thickness, to temper to dark red, or red blue, — when 
the length is under this, to leave them untempered. 

In magnetizing, two methods can be empluved, first, by passing over each 
end the opposite poles of a fixed magnet ; seconci, by a magnetic coil. If the 
first method be the one employed, a thin film of oil on the needle during mag- 
netizing will greatly increase the power ; but the method that is most certain of 
thoroughly magnetizing to ** satiation," and with no possibility of *' different 
polarities'' beine developed, is by passing the needle through a magnetic current. 

To any one who wishes to make a coil for this purpose, the following hints may 
be useful. A cylindrical coil of copper wire as thick as it is long, — this cylinder 
to have a bore equal to its thickness, (the copper wire to be rather thick. Our own 
coil is of i inch thick wire). — The exciting power to be a voltaic apparatus 
on " Groves' " principle (platina and zinc); — and the needle to be magnetized 
passed up and down the interior of the copper cylinder. 

After Doing magnetized it is necessary to know if this has been done prop- 
erly (i. c, iftne latent magnetism of the needle has been fully developed, and 
if this magnetism is permanent) ; to prove the first the needle should lift a cer- 
tain amount of soft iron ; (our own needles will lift ten times their weight). — 
Second, after noting the amount raised on first magnetizing, it should be tried, 
after say a week's time, and it should then have lost but little of its power. — ^It 
must be recollected that a soft, untempered needle loses almost all its magnetism 
within a comparatively short time, though at first it will develop as much, if not 
more than a tempered one.* 

The pin and the cap on which the pin works, require a peculiar shape ; — the 
centre of the cap to be at as obtuse an angle as possible, consistent with naving a 
proper centre, and this centre perfectly smooth ; — ^the centre pin to have a hard, 
round, smooth point ; and this point with not too obtuse an angle. Defects of these 
two last, (cap and pin) are in eight cases out of ten the cause of the dull work- 
ing of the needle. 

To preserve the fine point of the centre pin from unnecessary wear or from 
being accidentally broken off*, never jolt nor carry the compass without beinc sure 
that the needle is screwed off' the pin. — In using the needle, lower it carefully, so 
that it gently rests, and does not fall upon the centre pin. 

To prevent unnecessary wear of the centre pin, check the needle on fiist 
letting it down at the mean of its swing (i.e., if the needle swings from say O'' to 
80°, check it by raising it off* the pin by means of its screw at 16° ; gently let it 
down again, and it will be within a few 'minutes of its proper settling place). 

Never allow the needle to be played with by a knife or a piece of iron oi 
steel, for two reasons; — first, the instrument should never be made a plaything; 
second, every near passing of a piece of iron or steel removes a portion of th© 

* If tbe reiider wishes to investigate thoroughly the subject of magnetism and magnetie 
needles, he will find ample material in the works of Scoresbj, Sabine, Brewster, or the Eaojo. 
H^rittanioay art. Magnetism. 
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tttagnetism of the needle (almoet the entire magnetism can be removed by a ve* 
ries of such passings). A needle should never (excepting for special purposes) be 
more than six inches long, it being very difficult to magnetize properly beyond 
tbis length without developing ditferent polarities on the same side of the nee- 
dle. A five inch length is very good. 

Be sure that nothing to attrapt the needle is carried on the person in the 
^liape of penkniyei, watch-chains, buttons, or iron rivets in the magnifier used 
to read the graduations. Of late years new causes of error from this have 
arisen. The new watches in which the movements are made of nickel are al- 
most as powerful in attracting the needle as if these movements were made of 
iron. The felt hat-makers' modern fashion of stiffening the^ rims of their 
hats by inserting around the edge a small iron wire (the extra broad brimmed, 
t<.rmed the military or Burnside hat, should especially be tabooed) should 
make the Surveyor examine both his hat and watch. 

There is one source of error which even the manufacturer must have a special 
apparatus to detect; and this apparatus is as essential a part of his equipment a» 
a lathe. This is a 6ea::itive9 mounted magnetic needle ; and every piece of brass, 
even of the smallest size, is tested by being brought near to this needle, in ordei 
to see whether any magnetic attraction is concealed. The brass-fotmder is 
the one here in Jhult, as impure copper or the smallest piece of iron, such as a 
tack, core wire, or stirring his melted crucible with an iron rod will engender ihit 
cause^ These impurities, melting and diffusing throughout the brass, although im- 
perceptible to the eyoy are brought to notice by the searching influence of the 
test needle. All the surveyors' Compasses made before the last 80 years are 
especially liable to error from this cause (those made by Rittenhonse are, how- 
ever, notably free from it;) — ^and those who own any such ahould have them tried 
by some maker's " test needle " to prove their freedom from it. 

It would be a matter of surprise to some to know how many needle in»tru> 
ments are defeccive from this cause, and we will give one instance tha^ occurred 
lately. 

An English Compass, venerable with age and the associations connected with 
it, had been constantly used by a Surveyor for over 60 years, and by his father 
before him. This Compass was held in such repute that all the farm lines in a 
radiu? of 100 miles had been established bv it. In fact, the Surveyor and his 
Compass were held in such veneration as to be called in to settle every land dis- 
pute in the neighborhood, and the iudgment of the two was considered final. At 
last the old Surveyor died, and such was the desire of the surrounding land Sur- 
veyors to possess this Compass that at the auction sale of his effects it was sold 
for treble the price a new one could have been bought for. 

The fortunate possessor brought it to us for cleaning and adjusting ; and some 
vagaries that took place in the adjusting induced us to give the instrument a 
thorough examination ; and we found that this defect of ** impure metal " was 
present in such a marked degree that in turning the instrument on its centre it 
was sufficient to draw the needle from its proper position from 10 minutes to 
4° (in some spots 5^).* We are not surprised to hear, since the old Surveyor's 
death, that several lawsuits are in progress in this locality from land dis- 
putes. 

One common error of Surveyors is to choose a heavy needle ; this is a mis- 
take. A heavy needle soon wears out the fine point of the centre pin. The 
superficial su]*face, and not the weight of the needle, determines the amount 
of magnetism it is capable of receiving. 

One simple effect has sometimes bothered the young Surveyor. His needle 
will sometimes not traverse, but will persistently stick to the under side of the 
glass ; or one end at the lightest provocation would fiy up to the glass and remain 
there. This is caused by the glass becoming charged with electricity (from rub- 
bing against the clothing, or being rubbed by a silk handkerchief). Touching the 

* This unequal attraction \8 one of the worst features in this imperfection ; if the iron were 
equally distributed throughout the metal, the attraction being equal, the needle would still 
point true. 
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npper part of the glass in several places with the moistened finger tip, or breaik 
Ing on the glass, will remove the electricity.* 

SOLAR TRANSIT AND COMPASS. 

The Solar Compass, or Solar Transit, as ordinarily made, has the followmfi 
defects: — first, it is very heavy and cumbersome; hard to get in adjustment, ana 
very liable to lose its adjustment; and the Solar apparatus, by occupying the 
^pper stirface of the plates, prevents a Telescope being added in the manner of 
an ordinary Transit. 

The best method to prove the Solar apparatus is the following : — ^Two hours 
before the sun culminates (10 A. M.) set up the instrument, level it carefully; 
with the latitude arc vernier set to the latitude of the place, and with the sun's dec- 
lination for that hour laid off on the declination arc, move the whole instrument 
until it is in its meridian (i, c, until the sun's image comes between its lines) ; let 
it stand until the sun is as much beyond its meridian as in the first observation it 
was before it (2 P. M.) ; the 4 hours' difference of declination are to be added or 
subtracted (as the case may be) on the declination arc; — and if the sun's image 
still keeps between its silver lines, the j>olar axis of the instrument is parallel to 
the earth's polar axis ; and the sun's image on the silver plate will follow the sun 
in its path during the day (allowance, however, being madie for the refraction and 
hourly difference of declination). 

It is, however, in very rare instances, that the instrument will stand the 
above test, its polar axis being generally out of adjustment so much that the after- 
noon's observation will require it to be moved east or west of its meridian from 
6^ to 45^ (in some cases even more than this), to bring the sun's image again be-* 
tween the lines on the silver plate. If, however, the instruYnent stands this test, 
it only proves the truth of its Bolar apparatus, and we must try whether the 
Telescope or sights are placed by the maker on the true meridian. 

The best metnod of testing this is with an ordinary Transit, and an observa^ 
tion of the North Star, to first establish a true meridian line; and after setting 
up the Solar in the regular way, see whether the sights or cross hairs of Telescope 
cut the same line. By this observation it can also De seen whether the magnetic 
variation of the place agrees with the variation shown by the Solar Compass; 
and if not, the movable arc of the needle box vernier can be shifted until it does so. 

The successfiil addition of a Telescope to the instrument has not heretofore 
been accomplished. The inventor, Burt, after numerous attempts, contented 
himself with placing a small inverting Telescope at the south end of the Compass 
plate; but the necessarily small size of the Telescope, and the one-sided 
weight that it added to the instrument, make this method an imperfect one. 

Another method is to place a Telescope on the side, as in the ** German Min- 
ing Transit ;" but the side weight is also added to the instrument ; the diflBculty 
of adjusting the line of collimation of the Telescope, and the line of sight of 
the telescope, and the centre of the instrument not being in the same line, requir* 
ing a constant of this "difference of centre" to be applied to every sight, pre- 
sented it from becoming popular. 

The standards of the Telescope of an ordinary Transit have also been bent 
outward, so as to allow the Telescope to reverse outside of the Solar apparatus — but 
as long as the Solar apparatus remains on top of the plates no Telescope can be 
successfully applied. 

The first idea of the inventor, Burt, was to place the Solar apparatus be- 
low tbe main plates, which would have solved all the trouble as to the Telescope ; 
but as on experiment it was found that the lens, to form the sun's image, must 
have a six inch focal length (and consequently a six inch bar), this was 
abandoned. 

We find that the Solar apparatus devised and patented by G. N. SaegmuUer over- 
comes all the above defects, — is more accurate, easier acHusted, and keeps its adjust- 
ments better than any other form, and we have (1888) adopted it where a solai 
apparatus is required. 

* See also " an unsuspected source of error in magnetic needle readings of surveying instru 
ments on page 5 of Centennial Engineering Facts." 



NEW STRAIGHT LINE MEASUUKR, 1» 



ON THE DBPBOTS OP THE ORDINARY CHAIN AND STBBIi 
TAPE MEASURES, WITH AN ACCOUNT OF A NEW 
MBASURINa APPARATUS FOR STRAIGHT LINES. 

Before mentioning a new measuring apj)aratas, it mi^ht perhaps be b^st 

to allude to those in commou use, and tne objections found to them in actual 
practice. 
The defects of the ordinary chain are too well known for us to enter miich 

into detail — its weight, the unavoidable wearing of the points of contact of its 
numerous links and rln^,* the kinking and breaking of the links, etc. 

The English steel ribbon tape is much more accurate, but it also has its 
defects; first, they are never precise United States standard length, it being our 
practice, whenever we furnish one of these steel tapes, to give its length as com- 
pared with the true United States standard, and the state of the thermometer at 
the time of trial. We have found that the 50 feet tape is generally from -j^ *^ 
yj^, and the 100 feet from jf^ to ^J^, of a foot too short (the 50 feet over J of an 
Incii, 100 feet J an inch, or in a mile more than 2 feet too short). The amount of 
error is small, and in a majority of cases would be of no consequence; but wherd 
accurate measurements are required would lead to error; second, the numerous 
joints in their length, (every joint in a tape being a source of weakness and in- 
accuracy) ; — their never being over 100 feet in length — (and in numerous cases, 
such as measuring across bridge piers, rivers or marshes, in shafts of mines or 
tunnels, etc., it is necessary to have a greater length than this) — their liability to 
breaking, and lastly their cost. 

Having had occasion to make a measure 500 feet lon^ that should be light, 
not easily broken, and very accurate, and not too expensive, we have devised a 
tape that fulfils these conditions. We are now prepared to furnish these tapes of 
any length, from 100 to 1000 feet, in one continuous ribbon — having no joint from 
end to end, and warranted precise United States standard in length. Lar^e brass 
handles to unship at each end and a reel to wind the tape on are also furnished— 
as to their weight, a 400 feet tape (without handles) weighs 2 J pounds. 

We are well aware that tapes of this material have been made before, but 
for the following reasons have never been popular. First, no reels wer^ furnished 
with them ; second, the steel ribbon, being of soft steel (not tempered), was liable 
to alterations in length. (Our own tape stretches taut with a strain of a few 
pounds, and after being taut allows of an extra strain even to breaking with- 
out perceptibly altering the measure) ; third, the graduations and numbering 
being scratched on the face of the tape itself, and the tape always breaking 
at these marks in cold weather, or when the tape was kinked in the slightest. 
To prevent this breaking, the graduations have been etched with acid on the face 
of the tape, or the marks were placed on a thin layer of tin soldered on the tape. 
Bat these marks were not legible enough, hard to find, and easy to efface. — ^Th« 

•If each of the 300 points of contact of a 100 foot chain (each link with its two ring» 
hiring three points of contact) wears only the j^o <>f ^^ ^^^K making 3 inches differenoe k 
the whole length. 
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marking of our tape is by a device entirely our own. It is not upon the face ot 
the tape itselt^ is very l^ible, and the tape is stronger at the graduations than at 
any other portion. 

For Mining and Bridge purposes these tapes are peculiarly adapted — ^the 
unshipping ol the handles allowing the end handle to be taken off after a 
measurement, and the tape to be pulled forward with no handle to catch iu 
any obstruction. 

tn City work tapes for close measurements are not used, but what are termed 
"Contact Rods" are adopted. These are rods of a certain length (10 feet being 
the most common), and are used in pairs; the two being joined together when 
in use by a '* clamp socket" in their centre ; or, after one is laid level, the second 
is brought in contact with it : the first one is then removed, and also then brought 
in contact with the second one, and so continued. 

These rods are usually made from some well-seasoned, straight-grained 
wood, such as ash, cedar or pine, the wood protected from the weather by paint 
or varnish, liie ends shod with brass, and the whole length made yery exact in 
its measure. 

In making these Rods, our own experience is that good, seasoned, straight- 

S rained white pine, of what is termed " rafted lumber" (t. e., wood that has been 
oated to its place of destination in rafts), is to be preferred. The immersion in 
the water for weeks washing all the sap from the timber, and thus too lessening 
its liability to change. 

STADIA OB MICBOMETEB MEASUREMENTS. 

As considerable attention is now being bestowed on what are termed Stadia 
or Micrometer measurements, and this method being almost the only one that can 
be employed sometimes in such measurentents as across rivers, inaccessible 
morasses, meandering along rivers and streams, etc., we will give a brief account 
of the mefans employed. 

One method is this — ^first, carefully measure off say 100 feel on the ground, 
place a levelling rod at this point, and note on the vertical circle of a Tran- 
sit the angle passed over by the horizontal cross wire of the Telesco{)e, in mov- 
ing over one foot of the Kod; and from this as a comtanty a table is made. 
The second method is similar to the first, except that instead of reading on the 
vertical circle, the space passed over by the Telescope is noted by observing the 
number of revolutions and parts of revolutions of a tangent screw (by means 
of a micrometer head), and using this as a constant 

In this last method the instrument must be very carefully used ; for if the tan- 
gent screw has the least "lost motion " or " back lash," or if the screw threads 
wear unequally, the micrometer head will not measure correctly. 

The first method is preferable to the screw ; but the vertical circle should 
be larger than usual, so as to allow of a vernier reading to less than minutes of 
arc. Both of these methods require, however, constant care in the observa- 
tions, and after calculations to get the precise distance. The United States 
Coast Survey, who have given the greatest attention to Stadia measurements, 
have adopted the tWO-hair method in their " Plane Tables." This is the one we 
prefer, and is as follows: — ^beside the ordinary horizontal and vertical cross 
bairs, as ieen in the field of view of the Telescope, two extra horizontal hairs 
are placed parallel with the central one, and equally distant on each side from it 
These two extra hairs are so placed that if a levelling rod is held 100 feet 

from the telescope, they will enclose one foot of its length. 
With this as a constant (1 foot in 100 feet), a table can be made, 
and any distance that the Rod may be from the instrument 
can be precisely measured by reading its fiice (i. e., if the 
hairs take in 2^ feet of a rod, the rod is just 250 feet awav, 3^, 
310 feet, etc.). 

Stadia measurements have not heretofore given as good re- 
sults in this country as in Europe, for the simple reason that 
(outside of the Coast Soryey) the Teksoopes have not had suffi- 
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elent power to read the rod, with the closeness consistent with the accuracy re- 
quired for this operation. Our new Telescopes, however, remedy this. 

There is one fact in regard to Stadia measurements that is very little 
known, even hy those who are constantly employed in using it on Plane Tables 
«nd oi;her instruments; and wjiich will account for many of the inaccuracies of 
Stadia measurements in close work. 

The startin? point for the Stadia measurements is generally supposed to be 
indiscriminateiv — either the centre of the instrument — the centre of the cross haim 



from a plumb line dropped in front of the object glass ; and all three i)lacee 
have iheir advocates. These are all wrong, however — Qie precise place being a 
point as fiur in front of the object glass as is its focal ienjg^ r for example, 
if the focal length of the object glass is six inches,! the starting point is a point 
nix inches forward of a plumb line dropped from the front of the object glass—* 
and if a measurement be required from one fixed point to another, place the in- 
strument back from the starting point this amount.^ 

A still better mode, however (where a transit is used), is to also measure from 
the object glass to the centre of the axis of Telescope, and add this also to the 
focal length of the glass, and all the measures will then be from the centre of the 
instrument, bearing in mind, however, that this amount is a constantj and must be 
added to the recorded Stadia reading at every sight or change of the instrument. 
We will take, for example, one of the ordinary Transit Telescopes.— The object 
glass of six inch focal length, and the cross wires placed close up to the axis of 
Telescope, or about six inches from the object glass. In this case one foot must 
be adde^ to every Stadia sight (not to every 100 feet), to bring it to the centre 
of instrument. In cases where the sights are long, this small amount is of 
no consequence ; but where a series of short sights are taken — for instance, in a 
mine gangway — one so tortuous that seven sights of 100 feet each are neces- 
sary in that length, if the measurements are from the centre of the instrument, 
ana a Transit of the above description employed, if this " constant of the focal 
length of objective " is not allowed, there would be an error of 7 feet. 

* [f the Hize n? the ohject neen through the telescope be called « / the distance from the ob- 
ject to the centra of the ohjpctiv^e n ; the fiae of the conjugate image of the object, equal to 
the distance apart of the two horizontal cross hairs, i; the distance of this image from the 




centre of the objective x ; and the focal length of the objective /y then, — «—/ But the gen* 

X i 
f f 

eral formula of foci of lenses gives -•=* 1 . Therefore, a—/ =»'—»; or o = — # -f /. 

X f % i 

Practically, the distance a has commonly been reckoned so large that the small distance/ was 

neglected, and the formula became a^ -/«/ in which ^ is a numerical coefficient peculiar tc 

i i 

the instrument, and determined by observation once for ail. The distances, in that case, are 
reckoned proportional to the space cut off on the rod, counting from the centre of the instru- 
ment, whereas they ought strictly to be counted from a point as far in front of the objective 
glass as the fo'^al length of that lens. — Extract from paper on Tefeacopie Mensurenents in. 
SHTvetfingf hjf Benjamin Smiik Lyman^ Etiq.y in the Journal of the I^ranklin Jn^titute, ApriL 
18ft8.' 

f The focal length of any glass can be found close enough for this purpose by focusiigii 
the Telescope for an ordinary sight, and then with a foot rule measuring from the outside of 
the obieot glass to the capstan head adjusting screws of the cross hairs. 

4.. I was much bothered at first about the difference between the results given by the instru* 
ment and the tape, when the distance was small, say under 100 feet; I bad assnmed that the 
space covered upon the rod was proportional to the distance from the centre of the instrument, 
instead of a distance in front of the instrument, equal to the distance from the centre of ^ 
instrument -f the focal length of the object glass. — Engineering News, May, 1875. 



(8 CAUSES OF INSTRUMENTAL ERRORS. 

The diaphragm to which the slides for carrying the Stadia wires are at. 

tached reauires peculiar care in the workmanship, as tlie two slides to which the 
two extra hairs are attached (for the two hairs ought to be adjustable, indepena 
ent of each other or of the ordinary cross hairs) mUiRt move iirmly, truly antl 
smoothly, so that at any time the hairs can be adjusted with the ordinary adjusting 
(»in without disturbing the adjustments of the ordinary cross wires. 

In closing these remarks, it may be advisable to csJl attention to one cause 
of instrumental error which sometimes comes under our notice. M'^e refer tc 
cases where instruments injured by accident or worn by use are placed for re- 
pair in the hands of incompetent persons, or those who have not the facilities 

for properly repairing first-clajss work. This is not so uncommon as may be 
Biipposed. 'One extreme case of it was recently brought to our own notice, 
where a very costly and accurate instrument (made in Germanv) was for ten years 
cla.*^sed as having an inaccurate ^rnduation and an inferior T^elescope; when in 
fact both faults were the result of ignorance in repairing the instrument. 

The centre upon which the instrument turned had originally been made in a 
''dead centre lathe" (see page 4), but the repairer had replaced this centre (for 
which change there was no occasion) with one turned on an inferior ordinary 
lathe ; and in attaching the new centre, it had drawn the horizontal limb to one 
side in such a manner that the graduations were over seven minutes (7^) from 
their true place; and moreover, in *'improyine" (?) the telescope, the dia- 
pliraems in the eye piece had been altered^from tneir true places, so as to cut off 
over half of the lignt that should have passed through the Telescope. 

It is the best policy, where repairs may be needed, to put the instrument 
into competent hands; and if none such can be found in the immediate neigh- 
borhood, the railroad Express system of the present day allows such to be readily 
reached.* See page 43, " How to Send Instniments for Repairs, and Table of 
Express Charges." 

* In conclusion, we would state that if any gentleman who owns an instrument, and wishes 
to compare its power, etc., with ours, will bring it to our ofiBce, we shall be happy to assist 
him in doing so. We have a watch-dial placed at a sufficient distance from our room to afford 
a satiAfaetory test. 

Prom the Monthly Report of Novelties in Science and the Arts, read by the Secretary 
of the Franklin Institute, at the April meeting of the Institute (April 21, 1875.) 

EUBOFEAH DEMAKD FOB AMERICAN ENGINEERING 

INSTRXTMENTS. 

In speaking a conple of meetings since of the foreign demand for Philadelphia 
manufacture^, the following additional items may he of interest in thi:^ connection. 
Messrs. Heiler & Brightly, the Mathematical Instrument Makers of this city, have 
recently received and are now filling heavy orders for Engineering Instruments (Tran- 
sits and Levels) from Vienna^ Germany, and from Bristol, England. When it is re- 
«'alled to mind that up to within a comparatively recent daie all the most accurate 
instruments of this class have been imported from £ur(>f>e, and that this is the first 
instance known where instruments of this class have been imported into Germanv from 
this country, this fact is deemed worthy of notice. Messrs. Heller & Brightly are 
ftNo now filling orders for Engineers' Transits and Levels, etc., for the Imperial College 
(Kaga Yashiki), Tokio, Japan, from Yokohama and Kokaido, Japan, and Hong 
Kong, China. They have also recently shipped a number of their instrumenta to 
Meigs, of South America, and have present orders for their instniments from Con- 
ception, Chili, Havana, Cuba, Nacupai, Venezuela, and the Chimbote R. R., Pern. 
Neither do our City Engineer-* go abroad for their instrument^, as the Centennial 
grounds and hnildings (views of which were given at our last meeting), the GeologictU 
fil'irvey of the State of Pennsylvania (now in process), the new Girard Avenue, Fair- 
mount and South Street bridges, and the League Island Navy Yard, are all being laid 
out by means of Instruments made by this firm. 
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9APER BBAS BEFORE THE AHEBICAV PHILOSOPHICAL 80CI 
ETT, MAT 6, 1871, BT P£OF. J. PETEB LESLEY. 

(From Journal Proceedings American Pliil. Soc, Jan. to July, 1871.) 



Heller and Brightiy's New Transit 

a I 

The EngineerR* and Surveyors' Transit, as at first constmctedi oommonly termed a 
"* flat centre," or *' Railroad Transit/' although superior to the English Theodolite^ 
which it Huperseded, yet in practice has been found defective in the f<2lowing mechan- 
ical details: 

Ist The upper or vernier plate, resting, a;bd turning upon the under or graduated 

limb, waH accompanied by so much friction, caused bv the large extent of the rubbing 

8ur&oeiB» that, in turning the vernier plate around the limb, the whole instroment would 

BometimflB be moved upon the lower spindle. 2d. The oil that was necessarily used to 

lubricate the plates^ would become so congealed in cold weather that the plates would 

not moTe at all, and old Railroad Engineers will readily recall the thawing out of 

their instmments over lai^e fires, at every fall of the thermometer, before they could 

be need. 3d. The spindle upon which the entire instrument turns, being detached from 

the instrun^ent, thus violating one of the standard rules, that, by long experience in 

this country and Europe, has been found necessary in the construction of any instrii- 

ment with any pretensions to accuracy, viz.: ^any mstrvment haxjing a graduaied plat€ 

and lepelsj dumld be ao construded thfd both of the cenUree upon which the instrument turns, 

should be aiicays covered and not deiaehahle from the main pfates," To prove the utility of 

this rule, it is only necessary, after adjusting the levels of one of this class of Transits, 

80 that they will revei-R? on the top centre, to clamp the two plates together, and turn 

the instrument on the lower spindle, and the levels will invariably be found out of 

a<ljustment, showing conclusively, tiiat through some cause, most frequently the settling 

of flying dust, etc., u^nm the surface and shoulder of the spindle, the spindie is not at 

right anffles to the surfaces of the plates. 4th. The centre around which the graciu« 

ated limb revolves, can only be the thickness of the graduated limb; thi^ centre, by 

reason of its small surface, wears after comparatively short use, and does not exactly 

fit the conical hole in the graduated limb; and two readings of the same object taken 

without any ciiange in tlie position of the instrument, have been found to differ by 5,^, 

and from no other cause than this. 

These various defects have cau^^ed this style of instrument to be entirely discarded 
in city work, and for this another construction is used, in which the two mam plates do 
not touch each other, thus obviating the two first evils, viz. : the friction of the two 
plates nibbing one over the otiier, and the stiffness of motion of the plates in cold 
weather. The sockets and spindles upon which the main plates revolve, being long and 
fitting one inside of the other, and neither of them being exposed or detached from the 
instmraent, thus remedying the two last causes of error. These two are the only styles 
of Transit made, and are respectively termed the " short centre Transit*' and the " long 
centre Transit." The " long centre,** although the most perfect in its construction, has 
never been a favorite among Railroad Engineers for the following reasons: 

1st. The increased size of the centres making it heavier, and this being a very serious 
objection where an instrument must be carried several miles every day, as is frequent 
in Railroad surveys. 2d. The instrument not being detached from the tripod, excejit 
at the base, c<mipelled the Engineer in moving the instrument from one station tc 
another, to either carry the entire instnunent himself, or trust it to his assistant; whil*» 
in the short centre, the instrument lifting off* the spindle, the Engineer could take the 
eom|>aratively light instrument, with all the important parts, and leave his assistant te 
carry the heavier jiortion of the tripod, with its leveling screws, legs, etc. 3d. The 




required in making the long centre, was so much greater than the flat centre, that the 
price of the instrument was materially increase*!. 

Ever since the introduction of the Transit, numerous endeavors have been made to 
reduce the weight of the instrument, but as they have all been conducted on the sam^ 
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principle — L e., reducing the thickness of the varioua plates, etc. — their only effect wa** 
to nmke the instrument so slight as to be unsteady, tiieir bearing surfaces so short as to 
soon wear loose, and the instrument always losing its adjustment. The tuauufactureas 
of this instrument have had their attention drawn to the increased strength and steadi- 
ness that the employment of the ** transverse section," "ribbing or bracing," imparted 
%o metals; and the amount of metal .ti>at could be removed from a solid plate of metal, 
and its strength and steadiness not impaired, but even added to, if only judicious rib- 
bing was resorted to. In this improved Transit, which is a long centre, the weight as 
(Dompared with an ordinary Transit of the same size, is reduced one-half, and tlii 
instrument is not contracted in any part,* but in some parts, where increased size would 
be an advantage, such as the graduated i)late, centre, etc., it has been done, but all the 
plates, etc, are ribbed in such a way, as to be stronger than a solid plate, and all metal 
that did not impart either strength or steadiness has been removed. 

The Railroad Engineer has in this instrument, a long centre Transit that can be 
taken from off the tripod and replaced in a quicker and surer way than the short centre 
Transit, but, unlike the short centre, keeps all the centres covered and not removable 
from the instrument, and leaves the tripod head and legs with the four levelling screwn, 
etc., to be carried by his assistant. The difference in weijjht will be appreciated by 
the Railroad Engineer, when we inform him that a plain Transit, with all its centren, 
etc., only weighs about as much as a Surveyor's Sight Compass; and is more steady 
and keeps in adjustment better than the ordinary long centre Transit, weighing from 
twenty-tive to thirty pounds. 

The City Engineer has in this instrument all the advantages of the ordinary "long 
centre Transit" with only half the weight, and an increase of steadiness. 

There are several defects that are common to all Transits, amoiig which are — 

Ist. The ** tangent or slow motion screw" that moves the upper or vernier plate, by 

use becomes worn, and does not fit precisely the thread in the interior of the nut 

through which it passes. When this occurs, the tangent screw can be turned sometimes 

a complete revolution without moving the vernier plate. This " lost motion '* or " back 

lash" of the tangent, is one of the worst annoyances of Engineers, and has been the 

nource of serious errors in the tield. Several methods have been devised to overcc/rae 

this, which we will here describe. The nut through which the screw works has been 

made in two sections, to allow of being drawn together when the screw wears. This 

plan would answer if the screw always wore equally in every portion of its length — in 

other words, was a cylinder — hut this it never does; and if the nut is tightened so that 

the lost motion is removed from the thinner portion of the screw, it will move so tightly 

as to be useless when it comes to the portions that are not worn so thin. There are 

several methods of drawing the nut together, but they have all the same objections as 

the above — that is, they are not effective in the entire length, and the nut must be 

pressed so very hard on the screw as to make the working of the tangent very tense, 

especially in cold weather. Another and the last method has been to apply a long 

spiral spring between the nnt and the head of the screw that acis as the finger-piece, 

thus pressing the nut and the screw from each other, and consequently removing all 

** lost motion " from the screw. This plan, though in theory very good, in practice has 

been found inoperative, for the following reason : the spiral spring had of necessity to 

be made long enough, and stiff enough, to act in every portion of tlie screw's length, 

the alternate opening and closing of the spring by use weakened it, and in a short time 

it failed to remove the "back play." To get rid of this defect of "lost motion" in the 

tangent screw, opposing or butting screws have l>een sometimes substituted, but in use 

they do not give satisfaction, as two hands must be employed in using them, and stand- 

ing from the edge of the pUte, they are liable' to be injured by blows, and they are apt, 

unless very carefully used, to throw the instrument out of level. 

In this instnnnent we have an improved tangent screw, that, no matter how much 
the screw may wear by nse or time, will never get "lost motion," but will instantly 
obey the slightest touch of the hand : this is effected by means of a long cylinder nut, 
irom the interior of which two-thirds of the screw have l>een removed ; into half the 
Tece$«thus left in the nut, is nicely fitted a cyUndrical "follower," with the same length 
of screw thread as the nut ; this fi>llower is fitted with a "kev," that prevents it turning 
In the recess, but allows motion in the direction of its lengr^h. A strong spiral spring 
is placed in the remaining half of the recess, between the fixed nut and the movable 
follower, and the spring has alwavs tension enough to force the follower and fixed 
thread in contrary directions, and thus to remove any *'Io»«t motion" that may occur in 
the screw. It will lie ob(«erved that in this method, the spring always remains in a 
itate of rest) instead of dosing aud openingi as has been the caae in all other applica- 
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tioTis of RpringSy and which have been the cause of their failure. Tangent screws that 
liave had as much aB 10^ play have been made to work entirely taut by this method. 

The mode of attaching the tangent screw to the plates in this instrument is entirely 
new; it is a miniature modification of the **Gim belling '' of a ship's compass, and 
Allows the tangent screw, by its free swivelling, to be tangent to the plates in every part 
of its length, and thus never to bind. This tangent screw is also of value for sextants, 
au9tronomical instruments, etc., where ^ lost motion " is detrimental, and a smooth, easy 
n&otion is required. In all instruments the brass cheeks in which the three legs of the 
1;ripod play are fastened to the lower parallel plate by a number of small screws, com- 
monly twelve. When the legs wear in the cheeks and become unsteady, the only 
method the Engineer has of tightening the legs is by drawing the cheeks in which the 
leg moves by means of the bolt that passes through the leg; this of necessity draws 
tbe cheeks oat of perpendicularity, and strains the small screws that bind the cheeks 
to the parallel plate so much as frequently to loosen them. This source of instrumental 
error hardly, if ever, occurs to the Engineer, but very good instruments have been 
condemned as unsteady, when an examination has shown the fault to be the above. 
This source of error can never occur in this instrument, as' the cheeks and the parallel 
plate are made in one solid piece. But to come to the last and most serious evil. The 
effective power of the Telescope is impaired by spherical aberration ; that is, the field 
of view, as seen in the Telescope, is not a perfect plane or flat, but is spherical. To 
prove this, take an ordinary telescope and focus it so that an object will be clearly 
defined at the intersection of the cross hairs or the centre of the field of view ; then, 
by means of the tangent screw, bring tiie Rame object to the edge of the field of view, 
and it will be found in every case to be indistinct and not in focus ; on the contrary, 
focus it so as to be distinct at the edge, and it will be indistipct when brought to the 
centre. In some telescopes, however, it is impossible to focus at the outer edge of the 
field, and objects will be tinged with prismatic colors, showing that these glasses are 
affected by chromatic aberration also ; sometimes the cause of this defect lies in the 
object glass, but in the majority of cases the lenses composing the eye-piece are in fault. 
These aberrations affect the working of the telescope in several ways. First, it 
practically diminishes the size of -the object glas«i, and the view is never so clear and 
distinct as it ought to be. Second, it is very difficult, and in some cases almost impos- 
sible, to adjust the eye-piece to prevent parallax, or "travelling" of the cross wires, 
when the eye is shifted from side to side ; and practical Engineers know what a sharper 
power of defining and how much less trying to the eyes a ''soft glass" has — that is, 
one that has a ** fiat field." This defect has prevented the general use of the Stadia, or 
Micrometer wires, as a method of measuring distances without a chain, as the two 
horizontal hairs that are used, being in different parts of the field of view, cannot, in a 
majority of cases, be focussed so as to be devoid of parallax, and the slightest travelling 
of the wires in this operation will give nn erroneous result. The evils of this detect 
were most forcibly brought to Mr. Heller and the late Wra, J. Young's notice when 
one of their best Transits failed to define in tunnel work, from loss of light, from this 
cause ; and they both endeavored, to within a short time of Mr. Young's death, to 
remedy it, trying all the known formulae of almost all the opticians in the country, but 
without any good results. In the Telescope of this instrument these evils are entirely 
removed by the employment of a new eye-piece, and advantage has been taken of the 
improvements that Optics have made in the last few years in the curvatures and 
arrangements of the lenses that compose it ; and the test referred to above, of focussing 
an object in the centre of the field of view and then bringing the same object to the 
edge, and it still remaining in sharp focus, can be done with this telescope, and the 
object shows no tinge of prismatic color, sliowing that both chromatic and spherical 
aberration have been removed. 

The advantages of this improved Telescope are: a clear and sharply defined field 
of view ; a field of view so flat that the cross hairs are without parallax in every part 
tit it, and micrometer hairs or Stadia can be used with favorable results.. The whole 
effective power of the object glass being used and none of the light lost, work can be 
commenced earlier in the morning and continued later in the afternoon than is usual. 
This, in the winter season, is no slight matter to the engineer; and lastly, there is no 
straining of the eyes in sighting. The spider's web, by reason of its fineness, is the 
only article hitherto used for cross hairs, yet in use these have been attended with some 
difiiculties: first, the spider's web is hygrometric, or is affected by the humidity of the 
atmosphere — when exposed to dampness lengthening, and of course throwing the line 
of collimation from its true place. This defect is more serious in the Engineer's 
Levelling Instrament than in the Transit, instances being known where the line of 
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collimation has altered two or three timeB in the course of ten hoars by reason ot 
atmospheric changes^ and of course any observation taken at those times would be 
defective ; lastly, the spider's web being a transparent and not an opaque substance, 
in some positions it is impossible to see the hairs at all : tliirt is more especially the case 
when sighting in tiie direction oi the sun — that is^ an easterly course in the forenoon^ 
or westerly in. the afternoon. To remedy this defect, platina cross hairs j^^ of an 
Anch in thickness, or as fine as spiders' web, are substituted ; these being opaque, and 
not transparent, in sighting in the direction of the sun are still visible, and any atmo- 
spheric chanees, dampness, etc., do not afiect them. They believe that they are the 
nrst ones in this country who have drawn wire so thin, and the only ones who have 
made any practical use of Dr. WollasUm's experiment. . The platina hairs are invaln • 
able in Mining and Tunnelling Instruments, that are so constantly exposed to damp* 
ness, and being opaque, no reflector to illuminate the cross wires is required. 

To prevent the stiffiiess of working of the levelling, tangent and other screws in cold 
weather, which arises from the oongeliltng of the grease that in used in lubricating 
tliem, no oil is used upon the screws of this instrument, but they are lubricated with 
pure plumbago. 

By a simple arrangement of the clamps on the axle of their complete Transits, they 
make them also answer the purpose of a pair of Compass sights, for taking offeets at 
right angles to the telescope. 

From the above, it will be seen that this instrument has the following improvements 
over the ordinary Transit : 1. A simple, secure and steady method of attaching and 
detaching from tne tripod, bein^ the only long- centre transit made that detaches as 
easily as a short centre. 2. An important decrease of weight, without decrease of size, 
and an increase of steadiness. 8. All the working parts of the tangent screw, etc., 
brought within the plates, making the instrument more compact. 4. An Improved 
tangent screw, telescope, cross hairs and tripod head. 5. A pair of sights for taking 
offiets $ and 6. A new method of lubricating the screws. 



EEPOBT OF COMMrrXEE OF CIVIL ENGHTEEBS APPOIITTED BY 
THE FBANKLIN INSTITTJT^ TO EXAMINE A NEW TBANSIT 
nrSTBTTMENT. 

No. 863. Hall op the Franklin Institiitb, 

Philadelphia, December 18, 1871. 

The Committee on Science and the Arts constituted b^ the Franklin Institute of the 
State of Pennsylvania for the promotion of the Mechanic Arts, to whom was referred 
for examination the Transit instrument made by Messrs. Heller & Brightly, of No. 33 
N. Seventh Street, Philadelphia, 

REPORT 

That the instrument exhibits the best of workmanship, and combines several novelties 
of construction which, in the opinion of the Committee, render it superior to those 
pow in common use. Among these novelties are, 1st. A great reduction of weight, 
without any loss of strength or steadiness. 2d. An improved method of attaching 
And detaching the instrument to and from the tripod head. 3d. All the working parts 
of the tangent-screw, etc., are brought within the circumference of the plates, thiui 
diminishing liability to injury, and at the nftme time making the instrument more com- 
pact. 4th. An improved tangent-screw. 5th. Cross-wires of platina instead of spiders' 
web. 6th. A pair of sights placed in the standards, by means of which a right angU 
can at all times be laid off from the line of the telescope ; this is very useful foi 
taking offsets from the line of survey. 7th. An improved telescope. 8th. A shifting 
or extension tripod leg, for use in mining or other contracted workings. 9th. The 
brass cheeks for the legs and the tripod head are cast in one piece. 10th. An improved 
lubricator for the screws. 

The following is a detailed description of the above-enumerated improyements : 
First. The weight is reduced to about one-half that of an instrument of the same 
size, made in the usual way, by ribbing and bracing the plates, etc. ; and all metal that 
does not impart either strength or steadiness is removed, the nse of the instrument not 
Heing reduced thereby in any part. 
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Second. The method of attaching the instrument to and detaclung it from the tripod 
head is as follows: The upper parallel plate of the tripod head has two (2) tixed aud 
•ne (1) movable lug on its upper surface. These three (3) lugs nre placed equidistant 
from each other. There is also a flange on the exterior of the B(x;ket which encloses 
tkke centres. Three (3; recesses on the edge of this fl«in^e allow the flange itself, to lie 
on the parallel plate and to enclose the lugH. The whole instrument is now turned 
^ntil the lugn are outside of the recesses, and the whole is then clamped by the milled 
Head-screw of the movable lug. By this process a three- (3) pointed clamp is obtained. 
A forked guide-piece fitting into a groove in the clamp-screw and traveling with it pre- 
vents its being screwed out and lost. 

Third. An examination of the instrument renders this third point so obvious as to 
require no explanation. 

Fourth. The tangent-screw is constructed so as to overcome all lost motion in the 
following manner: A long cylindrical nut has two-thirds of its screw-thread removed. 
In one-half of the recens thus formed \» fitted a cylindrical follower, with a key which 
prevents its rotation, but permits it to move forward or back. A spiral Hpring is placed 
m the other half of the reccHS, the tension of which forces the fixed thread and follower 
in contrary directions. 

Fifth. The platina cross-wires (y^Vv of an inch in thickness, or as thin as ordinary 
spiders' web) prevent the sagging which the spiders' web undergoes from dampness. 
Not being transparent, they can be easily Keen when sighting toward '^ light. This is 
an advantage when looking toward tlie sun, or when locating a meridian line by means 
of the North star. 

Sixth. A pair of right-angle Rights is obtained in the following way : The slits in 
the clamps on the axis of the telescope are extended downward so us to reach almost 
to the bottom of the clamps, and in these slits the sighting-holes are made. The slits 
are then adjured by the fuaker to cut a right angle, and index marks are then made on 
the clamps and standards. By bringing the index marks to coincide, an accurate sight 
at right angles to the telescope is had. 

Seventh. The curvatures and distances of the lenses composing the eye•pie^'e are so 
arranged as to overcome all spherical and chromatic aberration in the telescope. The 
spherical aberration of the ordinary telescope has prevented satisfactory results from 
Stadia measurements. 

Eighth. The shifting tripod leg ha» a play of from three (3) to five (5) feet. It is 
composed of two (2) semi-circular cylinder.^, sliding one on the other on their plane 
surfaces, as in a level ling-rod, and clamping in any position. This leg dispenses with 
eccentrics, and will slide easily and clamp well, even if the wood of the halves be 
swollen or warped. 

Ninth. Having the tripod head and the cheeks for the legs in one piece prevents 
the possibility of any unsteadiness from the loosening of the cheeks from tightening 
the legs. 

Tenth. Pure plumbago is used as a lubricator for all the screws, preventing hard 
working in cold weather. 

The side adjustment on the standard, by which one end of the axis of the telescope 
may be raised or lowered in order to make the vertical huir lie in a vertical plane 
through the axis, and the nice balancing of the telescope upon its centre of gravity, are 
also noticed as very important features in engineers' transits. There is, however, no 
claim to novelty in the application of these principles. 

The ribbing of the instrument is judiciously placed, and the metal of which all 
castings are made is bell, instead of the ordinary brass. The Committee see no reason 
why it should not keep its adjustments and maintain its steadiness at least as well ah 
any other. To solve all doubts, however, on this subject, letters were addressed to two 
engineers who had been using the transits of Messrs. Heller & Brightly almost daily 
for six (6) months. Both were engaged in operations requiring the best instrumentfH*^ 
viz., one in city street locations, and one in a tunnel nearly four thousand feet in length 
The answers of both were satisfactory in the highest degree, pronouncing said instru. 
ments superior to any they had ever used. 

The substitution of platina wire for spiders' web was found to be especially advan- 
tageous in tunnel work, by contributing in an appreciable degree to the accuracy so 
necessary in that kind of work or in mining. 

In conclusion, the Committee express themselves highly pleased with the instru- 
ments of Messrs. Heller & Brightly, and consider it bnt a simple act of justice to these 
(^^Dtlemen to say that, in its opinion, the deviations which, they have made from the 
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common styles of transit are decided improyements. It may not be amiss to add that 
their instrumentB cost no more than those of the ordinary style of our best makers. 

John C. Trautwine, Chaimum, 
Charles S. Close, 
Lewis M. Houpt, 
Samuel L. 8medley, 
Ellwood Mobris. 
'By order of the Committee. 

D. SS. HoLMAK, Actuary, 

The following are the two letters of inquiry referred to by the Franklin Insti- 
tute Committee in their report. The letters to which these are the answers had, 
amon^ other inquiries, the following : — Is the instrument steady? Does it keep 
its adiustraent? if not, how frequently has it been adjusted since you first re- 

ceivea it? 

Burlington, N. J., October 28, 1871. 

Messrs. Heller & Brxghtly, Philadelphia: 

Gentlemen : — Your inquiries regarding the Transit purchased of you last 
spring is at hand. 

I am happy to say that when put to test of unremitting use for several months 
with constant and critical examination during the entire period for the discovery 
of faults that are ordinarily supposed to exist, I have not been able to detect 
anything amiss. 

Besides using the Transit for the customary purposes of a general priictice, I 
have employed it in the careful reorganization and ratification of the Surveys 
of our city, and the preparation of a strictly dccurafe Atlas, similar to that which 
is in use in the Survey Department of Philadelphia ; and in two very essential 
respects I have found it superior to any other that I have ever known ; 1 refer to 
stability and pennanance of adjustment. 

I have frequently left it standing in one position for hours, and on my return 
found the telescope maintaining the same line with entire exactness ; and in point 
of adjustment, it is as correct and reliable to-day as it was after the searching ex- 
amination you gave it in my presence on the day of its delivery to me. 

The graduation of the plates is exceedingly accurate, and in that respect my 
Transit is superior to the majority of those in common use; in fact, the results 
obtained from its use have been such that, had they not been frequently re- 
peated with equal success, should have been attributed to chance. 

The needle, too, is excellent in all the essential particulars of straightness, 
correct centring and magnetic power. In perhaps a hundred readings of an- 

§les by the needle as compared with the readings Qf the vernier, in no one has 
He difference amounted to more than three minutes. 

I am yours, etc., H. S. Haines. 

Office of the Lehigh Coal and Navigation Company, 

Nesquehoning Tunnel, Pa., Novemoer 1, 1871, 

Messrs. Heller & Brightly, Phila. : 

Dear Sir:— Your favor of 28th ult, inquiring about the instrument made fov 
use on this work, is received. 

The instrument has proven entirely satisfactory in every respect ; — ^it is per- 
fectly steady— it keeps its adjustment admirably, it not having been touched in 
this respect since it came from your shop, and is now perfectly correct. 

The platina hairs have never shown the least indication of sagging from the 
moisture of inside work ; and they are the only hairs that we have not had 
trouble with in this respect ; — ^the instrument has frequently been in the damp- 
ness of a Tunnel for hours at a time. . . . 

We were enabled to bring our lines together with your instrument with a lat- 
eral variation of li inches in a Tunnel 3800 feet long. 

We have found another great advantage in the use of the platina: namely, 
that when the light is reflected on them by a lamp, instead of tne indistinct line 
which the spider web gives, we have a clearly defined black mark. 

Yours, etc., Thos. C. Steele, Engineer. 
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HELIEB A B&I&HTLTS IMFEOYED TELESCOPE. 

f From the editorial columns of the U. S. Baiiroad and Mining Kegister, Jan. 10, 1874.| 



Improved Transit Telesoope. 

E^eiy improvement in engineering instmments ii* of cx>nR6quence ; and the Ter>' 
fi^reat increase of power gained by MenMrs. Heller <& Brightly in their new telescope, as 
described in their letter and accompanying circulars given below, is of sufficient import- 
ance to attract the immediate attention of every engineer: 

Philai>bi«phia, January 7, 1874. 
Editor U. S. R, R. and Mining Register : 

Dear Sia: — Having ju<«t brought to a succesflful conclusion a series of optical 
experiments, having for their object the increasing the power and range of the ordinary 
telescope, and knowing the interest you take in any improvement of field instrunientn, 
we enclose you the results we have arrived at. An ordinary Transit Telescope, lU 
inches long, magnifies 12 diameters; an ordinary Level Telescope, 17 inches kmg, 
magnifieft 25 diameters. Without any increase of length, our new Transit Telescope 
magnifies 28, and the new Level 48 diameters — in other words, without any increase 
of length, we give the Transit Telescope more power than a regular Level Telescope 
ha9. We have lately furnished the Survey Department of Philadelphia with a Transit 
for nse at the '* new South Street Bridge," and the engineer in charge there has been 
making some tests of the power and range of the new telescope as compared with 
another very good telescope made in the ordinary way. A copy of his letter we enclose 
While making the tests the instruments were placed side by side and seen througU 
at the same time, in order that any atmospheric unfavorableness should affect both 
equally. We think, however, that the first test should read, ^^ set a i^ inch flag'' (inntead 
of f ), as the \ inch white space was the otgect sighted at, and the black only marking 
the boundaries of the white. As to the extreme range of the telescope, the enclosed 
extract from the Fairmount Park Engineern, may give some idea. Yours, &c., 

HELLEB & BBIGHTLY, 33 North Seventh Street. 

[copy.] * 

ENQiNRsas' OpwrcE, SoxTTH Strekt Bridge. 
PHII.ADELPHIA, December 22, 1873. 
Dear Mb. Heller : — I have just finished some very satisfactory tests of the new 
Transit you lately sent me— and knowing that a statement of the refsnlts would be nn 

f ratifying to you as it was to me, I send it to you in detail. The Transit with which 
compared the power of yours, was made by the late Wni. J. Young, for Strickland 
Kneass, Esq., when the latter was Chief Engineer and Surveyor of the city, the instru^ 
ment is considered a very good one of iU^kind : 

c * ^ ... u .1 ' *i W.J.Young. Heller A BrlghtJy. 

Set a flag, % Inch wide, accurateb' 450 feet. l/AS feet. 

Could jtut see hands on a watch— very dimly 212 feet. l 281 feet 

Read time within one miuute ISO feet. '983 feet! 

The "flag" test was on a target made of paper, with three j inch stripes, two blaci 
and a centre one of white. This tai^get waf. sent off until the white stripe was )ust 
barely discernible. The watch us«d was a ' Tobias *» make, 1} inch diameter of dial, 
face white, and hands l-50th of an inch wide at ends. On the first "watch" test, it 
was sent off until I could merely tell that there were hands on the dial. At the second 
test I read the time within about one minute. The length of telescope in the Young 
Transit is 10.8 inches, and in yours 10.7 inches when both are focussed on the same 
object. Yours, &c., D. M. STAUFFER 

[extract.] 

,^ __ , _ Faibmottnt Park, December 6, 19/8. 

Messrs. Heller & Bbigiitly :-— At your request I tested the power and range of 
your new telescope. On account of the haziness of the atmosphere the day wa» 
unfavorable. As to ran^e, from sights taken at Falls of iSchuylkill in direction of 
Gonshobocken, I could see and iocace a nag staff at abont seven miles. 

THOMAS G. JANVIER, 
Assistant Engineer, Fairmount Park* 
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As the following letter from the editorial columDs of the Railroad and Mining 
Register gives the manner hy which we have increased the power of our Tele- 
scopes, we eive it in full. It is in answer to a correspondent who, seeing the 
above article giving the comparative tests, of our new Telescope as compared 
with an ordinary one, asks for information on some points mentioned in it that 
were not perfectly clear to him. 

Firsts not knowing the means by which we increased our power, he of course 
imagined that we used the old " regular formula," such as had been used and 
abandoned for high powers years ago ; inquiiy is also made, whether the " Kneass 
Transit" was a f:|ir sample of the ordinary Telescope ; and if the powers of the 
regular Telescope, as made at present, might not be sufficient for ordinary pur- 
poses. The correspondent was also under the impression that the magnifying 
power of an ordinarv Telescope was somewhat higher than we bad stat^. The 
correspondent not talcing into consideration that uie day of trial was one of the 
shortest and darkest of the whole year (December 22), thought very naturally 
that the flag might have been seen at a greater distance than it was (1535 feet) ; 
seeing that time was read on a>watch-diEl at 983 feet Mr. Stauffer's letter ex- 
plains this. 

(From the editorial oolumDs of the ** United States Railroad and Mining Registei^' for 

January 31, 1874.) 

2b Uke Editor (^ tMe U, S, IL B, A Mining Myisier: 

Dea.r Sir:*- The correspondence in your iK^ue of the 17th inst., cridcising the tests 
nnd rHiuhs of the trial of our " new Transit Telescope,!' calls for some notice from us. 
The complaint of want of power in tlie glasses of field instruments is no new tiling, 
when Richard B. CV^rne, £$q., !K>me years since endeavored to introdnoe the Americaiii 
form of Transit into England, the want of }x>wer in the telescope was the principal 
ol^tion urg«d against it (the European telescopes of the same length being much 
more powerful tlian those used in this country, from the fact tliat the "inverting" 




Voung« were well aware of ibis want of power, and labored together for several years 
previous to Mr. YouiuirV death to correct it, but without success^ and up to the date of 
his decease V*^uh\ 1870 1, the formula for their telescopes was practically the same as 
had been Oised ^r at least fifteen years before. The " City Transit,** with which our 
**iai|MOTed Transit Telescope*' was compared by Mr. Stanfier. was known in their 
Mianiiiactory as ** Kneasb Trait^t,** and was used by tlie city during his entire term ; 
and ahhoc^ the other parts oi the iitstrumeut were somewhat worn, the telescope was 
coosideted good. To pnn-e, however, if the telesc^^|¥& of the ''Kneass*' instrument 
w» a &ir sample of its daiss, we having in our esublisliment at tl>e picsent time two 
Traitsits for re|ttirs, that ai« of the make mentioned by your cn>rre^poiidcnt, but made 
vithin tk« last fow ye«rs — the telesco|)es of these an^ respectively 11 and 12 inches 
lo««, and time was rea^l on a watch ^^imilar to the one used in the last test at 1^ and 
210 feet, showing that taking the lengths of telesi\>|)es into con^deration^ thev are 
not sMpertor in {^^wrr to the on<f with which Mr. Stan tier experimented. As regards the 
statement ef yvur correspondent in refcretxv to the |«»wers of Tran-it Telesivpes of 
Tariott» mod^i makers we would remark thiit one foot respecting leiescv^pes uitst be 
taken into CMt^ideration \i. e.. thai the calculated magnifying power and their actual 
fierformaM^ in the field are :««^«iie<inM^ <aiily at variauoe : we ik^w have in our poeses- 
««on for KfMar* a Tran>it matle in New York ilty. the nominal magnify iox power of 
vkidi is iSi diametevs^ yet it i^ impiw»^Ue in co«k*equeoee o! its fi^^or defininj^ (^^veri 
with it to «t an oirdinary |Jb&<<|K>ie acvuraiely at the distance of ;^X» feet. A.tifwiigk 
iKe *acl«omaliv\ cv tuf-vvrKH: ir*%<w*" eye^>ieee .»f KelEner v^ a similar comUnation . has 
Wen of fane vv«ws avun-ied in Eun-V^ for fine tif;t>scv»pesw <«ii^ trv»m i^ great ex|ie«Me. 
am) the <i4^ee«»oii of Amet-.TUi ^^i^jireers to an " invectic^ " teitfsvvpe, is ka» Kwt; c 
ixftrativeN wk»^n here: the rni;«>d States Cosk!4 Surtv^y IWfMrtaaeM we it ai 
ex^^ife«iviAT oci ail tlsnr new U^rt:ments. 

Yoi?r tcotr«fv***ie«i <tsfcteR rfcit the ^a» combin^tioii of le»<es tfemt i« in tW ~ 
rrv»vitsi rel^swfv * w*^ krown - yeais aM yeai* aso :*" we think he must W mis«ak 
Mr. Yvx:-^ »»d Mr. He«Wr. dr-r.^ iTeir est Jtt^-v,? ^xtvrrrwcSi And w s iwtfvfte<> 
Wm w aswf^ knew ■ot^o^ ce it, asi so Uie^y dsd wv ennij o«r ovm 
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to a BQCCessful ooncliision that, although we have lately (1872 and 1873) furnished thu 
Survey Department of thU city with Transits for the new bridges now in the coiir8«>. 
of erection over the Schuylkill at Girard Avenue, Fairinount and South Street, none 
except the last has the, new telescope — in fact, so very recently have we ourselveH 
adopted it that, althougji we receive orders from the Univernity of PenuHylvanin to 
■pare no expense or pains to make the equipment of field instruments for the new De- 
{Mirtment of Science as perfect as possible, we did not insert it in their field instru- 
ments. In referring to Transit Telescopes, we of course mean such ns are in common 
use by engineers, from 10 to 12 inches long, capable of reversing their standardi 
both at eye and object ends, and showing objects erect, instead of invei'ted — those foi 
special purposes of extra power and length (we have made them 20 inches long) and 
with "inverting'* telescopes, we do not class as ordinary ones. We have never made 
any secret of the mode by which we increase the power of our telescopes. The im- 
provement consists in our availing ourselves of the formula of Kellner, with the addi- 
tion in onr telescopes of the two entra lenses necessary for producing an erect image. 
If your correspondent will do ns the pleasure to call on us, we shall be happy to 
show him the numerous experiments we have made, and the results; he can also ex- 
amine the two instruments mentioned above at any time. If we have caused ar.y en- 
gineer to think seriously on a subject which he has heretofore takf^n mainly on trust 
(i. e., the power of his telescope), he will find the subject repay investigation. If en- 
gineers will call on us, we will with pleasure show them the new telescope and let tlu -m 
judge for themselves; or if a committee of the American Society of Civil Engineers 
(or any kindred body) would like to make a thorough trial, we will furnish them with 
the means. As to the remarks of your correspondent denying the desirability of an 
increase of power, we think that the majority of engineers differ from him in opinion, 
and any one who has stood with watering eyes endeavoring to accurately set a flag at a. 
moderate distance, will agree with us that a Transit Telesoope with the power of a 
Level Telescope is a gain, and that the opinion of such men as John 0. Trautwine» 
Eckley B. Coxe, Bichard B. Osborne and R. P. Roth well, that the new telescope is **a 
most important and useful improvement,^' is entitled to some weight. If it were not 
against our rule to publish correspondence, we could give letters from parties of weight 
in the engineering profession which would, more strongly than anythmg we could say, 
corroborate what we have written — ^in fact, we have obeyed our repugnance so far that 
we have for two years refrained from publishing ttn exhaustive report of a committee 
of civil engineers appointed to examine the new Transit which we introduced at that 
timC) although the favorable opinion of such men as John C Trauiwine, Elwood 
Morris, L. M. Haupt, Samuel L. Smedley and Charles S. Close might be thought of 
Rome value. In conclusion, we are sorry that a friendly private letter, giving you in- 
formation that might interest you, and not intended for publication, but which you 
thought contained matter of interest sufficient to warrant publishing, should have 
caus^ your correspondent's letter. In the hands of the engineers we cow leav<; tht: 
matter; if we have made an improvement, it will speak for itself. We merely repeat 
our invitation to engineers, instrument makers, etc., who feel desirous to test this matter 
for themselves to call upon us ; we will freely communicate to such any information in 
our possession. Yours, etc., 

HELLER & BRIGHTLY, 33 North Seventh Street. 

January 22, 1874. 

Engineers* OFncE, South Street Bridge, 

Philadelphia, January 22, ISt«. , 

lb the Editor of the U. S, R, K & Mining Register : 

Dear Sir : — A word of explanation may bfe necessary to explain away a seeming 

discrepancy pointed out by your correspondent of January I7th, in his criticism on the 

performance of Mr. Heller's New Telci^cope, lately tested by me. The test resulih 

were communicated to Mr. Heller in a friendly letter, not intended for publication, or 

I should have been more explicit in my explanation. The Transits were tested side by 

dde, and at the same time, so that any local influence would have been felt by both. 

But the firsLtest was made on the flag about 9 A. M., with the sun obscured by clouds, 

and in an atmosphere decidedly hazy, with the flag located in a depression of South Street, 

the worst point for an observation. The watch test was made more than three hours 

after, when the sun was shining brightly and all haziness removed ; had I then again 

tried the flag, I have no doubt the results would have been more favorable than stated. 

Yours, etc, D. M. STAUFFEE. 
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STBOIL THKOUOH AN EHOIinBEBS* INSTBUMEHT 

MAHUPACTOET. 



Having recently visited some of the establishments of our " Engineering and 
Surveying Instrument Makers/^ we became possessed of some facts which may be 
of iuterest to general readers, and al$K> showing the immense development of this 
branch of industry since the early dnys when the Drapers, Rittenhouses and 
Stancliffes gave to Philadelphia mechanics their pre-eminence in the manufac- 
ture of these " instruments of precision." 

But the staid plodding artisans of those days would be amazed if they could 
see the revolution that time has made in the details of their whilom business—^ 
the intricate machinery (one of the old establishments, with all its tools, not 
costing as much as one iirs;t class modern lathe with all its appurtenances), the 
appliance of steam, graduating engines, and the vast range it has taken in its 
various details. 

On our list we will first take the well-known establishment of the Messrs. 
Heller & Brightly, and from them and their books have gleaned the facts for 
the following article. 

The first thing to forcibly strike the stranger's attention is the widespread ing 
ramification of an establishment of reputation — in looking over their "order 
book," we found every State from Maine to Florida represented, and the Survey 
Department of almost every important city and town (the Middle and Western 
States predominating, however). 

Orders from Japan, China, Chili, Peru, Brazil and Canada jostle each other ; 
the order of Arinori Mori, the Japanese ambassador, for a complete set of field 
instruments for the *' Kaitakuski of Hokaido" (whatever that may mean) stands 
side by side with those of the "Survey Department of Philadelphia" — ^Meigs, 
the railroad king of South America — tlie University of Pennsylvania — ^and the 
Centennial Building Commission — ^and we were shown with commendable pride 
a "cable telegram" order for a Transit from Hong-Kong, China, which ran thus: 
"One Heller, Philadelphia, send Transit Instrument like General Capron's." 

The greater part of their bUvsiness, like that of the majority of tnose in the 
same line, is however with the railroads ; and this need not be a surprise to any 
one, the Pennsylvania Railroad and its numerous branches alone using up enough 
instruments, to keep a respectable sized manufactory constantly employed. 

The Survey Departments of cities must also be constant consumers, judging 
from the fact that that of Philadelphia alone ordered 8 instruments within the 
last two years. 

We were curiuus to learn if, in sending their wares to every point of the 
compass in this manner, whether they ever had trouble in receiving the money 
for the same: and for the chanicter of the Civil Engineers as a class, we were 
proud to hear that they have yet to make the first bad debt. 

Great confidence must exist between the producer and consumer, for assuredly 
in no other business would valuable goods be sent to a perfect stranger thou- 
sands of miles away on the faith of a telegram (as happened on the day of one of 
our visits) worded thus — " Send Transit to lay out town site to , Arizona." 

An instance of the credulity of human nature, and the tenacity with which a 
pouplar belief will descend from generation to generation, we learned here that 
somewhat surprised us. 

A letter from Massachusetts received a few days before was shown us — ^the 
writer wished to be informed whether a *'* divining rod" "needle" or "treasure 
sand" — that would be attracted by hidden gold, silver or gems in the earth, iu 
the same manner as the magnetic needle is attracted by iron — could not be pur- 
chased by him. 

On our expressing surprise that in the present age of enlightenment a belief 
in such an article should exist, we were informed tnat this letter was one of a 
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elass. That from 12 to 40 letters or calls were received yearly — the majority of 
them however were received fn)m parties on the Atlantic coast, from Maine to 
^ew York north, and from Maryland to Florida south, and the treasures to be 
found were those said to have been buried by the piratical Captain Kyd (he 
who "sailed, sailed"). 

Besides these " treasure seekers," calls are received in more or less numbers 
every year for the "witch hazel divining rod" (fo.r discovering hidden springs 
hy divination). 

The "perpetual motion" inventors have also not "perished from off the face 
of the earth," judging from the number of models that are sent to Messrs. Heller 
& Brightly for their opinion, each of which (according to the inventor) solves 
the long mooted problem. 

Solomon's axiom of there being " nothing new under the sun," and the per- 
sistency with which an idea will crop out in one generation, die away and seem- 
ingly be rediscovered in another, only to meet the same fate, was shown to us in 
the model of a "distance measurer" that had shortly before been received — and 
which the inventor thought was entirely original, and his fortune of course 
•ecured. Those who have delved in the old volumes of the various mechanics' 
magazines — the proceedings of the various scientific societies — or the back num- 
bers of the patent office reports, may recollect the " Monsieur Tonson" that was 
ever turning up, in the shape of a " distance measurer" (an instrument by means 
of which the distance of any far object could be ascertained without the tedious 
process of chaining), in which, though the details might have been varied, the 
principle underlying them all was the same (i, e., a fiii^d Telescope or vane sights 
placed at right angles to, and at one end of a base more or less long, generally 
from 2 to 3 feet, a second Telescope movable along this base, and this Telescope 
slightly inclined toward the first one — the movable Telescope being slid along 
the base until the line of sight of both it and the fixed one cut the same object. 
The distance of the object from the instrument being then read off from a scale 
on the base). This same instrument in various forms is as old as Archimedes 
at least. The fatal defect of the instrument is that the base necessarily being 
short, and the angle formed by the two Telescopes consequently being too acute 
for accuracy. During the late war we were informed that at least thirty applica- 
tions tor patents had been made for an instrument of this class, all having the 
above idea, and each patentee imagining himself the original discoverer. 

Xnowing from experience how very poorly, some twenty years ago, the in- 
stitutions that made a specialty of teacning Civil Engineering were supplied 
with field iuatniments, and the inferior character of those they did have, we were 
curious to know whether this state of affairs continued, and were most agreeably 
surprised at the change, we found. 

The " order book " was again brought in requisition to answer our queries. 
First, our attention was directed to the list of instruments and their character 
fiirnished the new " Department of Science " of the venerable University of 
Pennsylvania. 

Besides the usual Transits, Levels, Compasses, Sextants-~we found such com* 
paratively modern costly "instruments of precision" as the Solar Transit, 
Plane Table, etc., — in fact, the sum total of their outlav for instruments alone 
would have appalled some of the other institutions ; ana the orders for field in- 
!itrument8 from colleges situated where twenty years back naught but forests 
flourished — was a striking proof of the tremendous strides the country has 
made since then. 

Enpasmnt, we were somewhat amused during one of our visits. A graduate of 
a so-called "college," having received a situation on a railroad, came to purchase 
a Transit Instrument. — ^One was shown him such as is used for city work. The 
vernier reading of the horizontal limb, however, was not close enough for him — 
half minutes being entirely too inexact, and nothing but a ten second (10''^) sub- 
division answering. — His dogmatical assertions that a half minute (30""^) reading 
mightanswer for common work, such as running a straight line or turning a right 
angle, but not for deflecting for railroad surveys, was amusing ; as was also 
ia'in blank look of astonishment and doubt when informed that two of the most 
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difficult of his field operations, would be those very two that he treated &%: 
cavalieiiy, (namely, turaiug, a precise right angle and establishing a straight 
line). 

We were informed, in answer to queries, that the most elaborate and accurate 
instruments, without regard to cost, were demanded, as a general rule, by the 
Mining Engineers of Lake Superior. — These were followed by the Survey De- 
partments of the various cities — the Mining Engineers of Colorado, Califbrniii 
and this State came next. 

Judging, however, from the minuteness of detail and seeming disregard as to 
30st of some orders on their books from Engineers who have made Bridge 
Building and Tunnelling a specialty, the precision requisite for such work must 
reouire the best instruments. 

To the curious spectator the several details of the manufacture — the graduat- 
ing engines — the patient exactness required of the workmen (one of their 
proverbs being that Job would most assuredly have lost his patience, had he be- 
longed to their craft) — are matters of surprise, and where in the finished instrument 
all the parts he had seen in detail could be placed would perplex iiim (a complete 
Engineer's Transit with all its belongings numbering 362 separate parts). 

To an engineer, who, kno<ving the longevity of a Transit, and the compara- 
tively small class by whom they are used, and seeing the number of instruments 
turned out of an establishment of this class — they just finishing at the time of 
our visit 50 Transits, and commencing 100 more — knowing that this process was 
continued through the entire vear, and that this was only one of numerous simi- 
lar establishments — the one absorbing question to him would be (as it was to us). 
What becomes of all the Transits ? — and the answer to which would be as hard 
to give as to the other equally celebrated one, ".What becomes of all the pina?'' 
— (Engineer, March, 1874.) 



KOBERK PKACTICE OF FIELD-WOEE IK EAILEOAD STTEVEYS, 
BT EIOHAEB B. OSBORNE, CI7IL ENGINEER. 

OiBABD HousK, October 6, 1873- 

Mr. Charles 8. Hellbr, Philadelphia: 

Dear Sir: — You have asked me to state in what I consider your improved 
Transit with its vertical arc superior as a field instrument to the ordinary plain 
field Transit [ 

When an Engineer is entrusted with the location of a railroad, his first in- 
<jairy should be, — what is it intended to transport? and having learned the quan- 
tity and Quality of traffic each way, and made a reconnoissance of the general 
route, ana ascertained the impediments to be overcome in the location of the 
line, he can at once determine on the ruling gradient and a maximum load for a 
given weight of Engine. 

He will find, perhaps, that a part of the line will be Over gently undulating 
ground, while other parts will be through a mountainous country. 

According to the length of time through these different kinds of land; the 
number of Transits of each description required can be obtained. 

For the first, or easy country, the plain Transit is the best, as a little more 
portable and less costly. 

For the mountains, none but the Transit with its fine impi*oved telescope and 
vertical arc should be chosen. 

Experience has taught me that the most economic, accurate, expeditious and 
successful work is done when well-tried principles and systematic plans control 
the operations. *' Rule-of-thumb " work seldom succeeds ; the good rer^ults even 
in close Engineering work have been attained by a bold dash based only on clear, 
judgment — clear, I mean, to the mind using it. - 

The old system of ^' trial and error'' lines is unfit for our profession now; we 
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ivti^fe tRueht the whole world all they know about location of railroads, and vh 
Ahouid advance. 

When the Engineer, either by the barometer or by *' flying levels," approxi- 
aXiately ascertains the elevations of the highest summits he has to overcome,. as 
fvell as the dUUtnees (the other elements for making out his trades), he can de* 
Ermine on the ruling gradient, which will then determine bis maximum load.' 

Experience should teach us that it is inexpedient, if not wrong, as a general 
rule, to fpend large mims of money to reduce gradients at other p(nnUt of the line 
ieioie the mlin? gradient, because it will not financially benefit the working 
fapabilides ot^Se Endues, whose maximum load is already controlled. 

With such fixed data in his mind, the Engineer can view in a ride the easy 
country, where a line generally can be at once loccUed, without any experimental 
■arvey, by the eye and judgment, because the grades, being all less than the 
ruling grade over the mountains, can have the grades fitted to the country over 
which the maximum loads can be taken. 

For such work the plain Transit is best adapted. 

But in a country which presents mountain ranges that must be crossed, the 
ease is wholly different. 

Each ridge should be explored, and the elevation of its lowest available summit 
obtained, also -the distances by time, or the pedometer, and thus the required 
gradient be worked out. 

Then the Transit with its vertical arc is indispensable. 

Its utility consists in perfecting with one experimental line, which it vividly 
points out by its valuaole a^nnct, the veitical arc, the exact position of the 
best location that can be made on the ground of uniform grade, with the least 
work. By it the exact profile of a located line can be nad, on which I have 
even let work to contractors be/ore the field location was made. 

Hundreds of thousands of dollars would have been saved, if this had been In 
use in the last twenty years, the work too would have been better done, and trains 
would be able to mount to man^ summits with more ease than they now do. 

Here is the modns operandi in explanation, and Engineers who keep the old 
method will see that mountain surveys, which are tedious and labori* ois, are thus 
made easy and agreeable. 

The Engineer, knowing then the average grade that will carry the line to 
che summit with a given cutting at that point, se&, before starting, his vertical 
arc to the angle corresponding to said grade. 

A flag on a pole the height of the Transit Telescope from the ground is taken 
ahead by the Engineer in charge, as far as he can be seen by the !^ansit, and with 
his judgment aided by the pocket level he gets approximately in position, so that 
all clearing can be done while the Transit is moving up and getting set on last 
transfer-point. 

The Transit then sets the grade flag accurately, and the chaining is done to the 
grade flag, when the exact transfer point is set. which is grade. 

On this the Transit moves, and thus continues till the summit is reached by a 

true grade line. 

Cross sections with the clynometer are taken at every 100 feet station, well to 
right and left, where the angles are great, when that portion of the line is ready 
ibr plotting, on which the located line can be planned, the centres being all at 
giaae. 

The line can be straightened, curves introduced — ^profile made out, and in the 
uffice a tale will be fully told of all the characteristics of the future location. 

Thus two quickly run lines will fit the contour of the mountain, with work just 
as light or heavy as the Engineer may select to give him the best line that can 
be put on the ground. 

But in other ways the Transit arc is of great use. 

Here is one example : 

To test a line advancing toward a high summit when 8 miles from it, I once 
bad a flying level run from the summit to a point at the foot of a tall pine 5 miles 
from the summit. 

I converted this tall pine, by the vertical arc, into a levelling staff) and usin^ it 
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as a back rod, transferred the level to the mountain side, high over the valley, 
where I fixed a point which the advancing line should pass through, so as to 
reach the summit with a fixed cutting thereat and on the ruling grade. 

It worked to a charm, and my grade came out to a nicety. 

I would as soon send a party into the field without a chain under such circunx- 
stances as I would without a Transit with your vertical arc. 

These are its uses in survey work. 

In construotion it is a most desirable instrument, as the assistant needs but ovm 
instrument, which is both Transit and Level, which is a great desideratum. 

I am, yours truly, Richard B. Osbobns. 



ON A NEW MINING TBANSIT AND PLUMMET LAMP. 

(From Van Nostrand's Engineering Magazine io\ June, 1873.) 

A communication to the American Institute of Mining Engineers, at tho Boston* 
jneeting, February 19, 1873, by Prof. R. W. Raymond, Prasident of the Institute: 

Having had recently the opportunity of examining a Transit and a Plummet Lamp, 
manufactured by Messrs. Heller & Brightly, of Philadelphia, and intended for the use 
of mining engineers in underground surveying, 1 thought a description of them would 
be interesting to such of our members an have work of that kind to do, and accord^ 
ingly [ requested the makers to prepare and send to me a detailed account. There is 
nothing specially novel, I may remark, in the construction of the Transit ; its claims 
to favor must rest upon its compactness and lightness, together with the general excel- 
lence of its workmanship. The principal peculiarity is the ribbing and flanging of 
the parts requiring strength, so as to dispose the minimum amount of mnterial where 
it will secure the greatest rigidity. This Transit is said to be the lightest of American 
make. I believe Gaselli has sent some from London which are still lighter; but they 
are perhaps not so completely furnished for field-work. I confess I do not see how the 
weight can well be reduced any further, unless an instrument can be made of aluminium 
— a plan which Mr. Roth well once suggested ; but which may not, perhaps, be entirely 
practicable, and, at any rate, has not been tried. 

The following is the manufacturers' description of this Transit, which they have 
designed and introduced within the last year: 

It is a small portable angle instrument, similar in principle to the ordinary " Engi- 
neer's Transit," and a fati simile in every respect (excepting size and weight) of their 
** complete Engineer's Transit." It has long compound centres; the horizontal limb is 
read by two double opposite verniers, placed outside the compass box; the vernier 
openings in the plate being made very wide, so as to allow the easy reading of the 
graduations. There is a three inch magnetic needle, and its ring is divided to half 
degrees. The telescope is 7J inches long, with object glass fifteen-sixteenths inch in 
aperture, and shows objects erect and not inverted. A sensitive level, 4J inches long, if 
attached to the telescope, for reading angles of elevation and depression, levelling, etc. 
The tripod is furnished with an adjustable head for precise plumbing of the instrument 
over a centre ; and the wooden legs of the tripod are made in such a manner as to 
form one leg when folded together. The plates, vertical circle, etc., are provided with 
clamps and tangent-screw movements; and the clamps on the axis of the telescope 
are arranged with sighting slits and indexes, so as to answer also for right angle sights. 
The numbering of the compass ring and horizontal limb, instead of being in qiiadranti 
from 0° to 90° each way as usual, is a continuous one, or from 0° to 360°; but every 
quadrant of the horizontal limb is also marked with its magnetic bearing, i. e. from 
0° N. to 90° E., every ten degrees is marked N. E.— from 90° E. to 180° S., every ten 
degrees is marked S. E., etc. The advantage of this arrangement is, that, if at start- 
ing, the vernier of the horizontal limb be set to read the same bearing as the needle, 
the needle can be screwed up, and both the angles and magnetic bearvnga read from the 
horizonUd limbj without using the needle for the remainder of the survej/j thus precluding 
any error from local attraction, reading from the wrong end of the needle, or loss of 
time in wailing for the needle to settle. The telescope, though short, is a very power- 
hd one, magnifying and having the clearness of an ordinary 17-inch level telescopei 



THE PLUMMET LAMP IN UNDERGROUND SURVEYING. 33 

A^ T«iflector for illtiminating the crom wires in dark places is used, as is also an extension 

tripod leg for lowering or raiding the instrument. All the working parts of the needle- 

lifi,er, clamp and tangent screw movement are concealed between the plates, making 

tlie instrument more compact. A prism and tnbe for attaching to the eye>piece of the 

telescope, for sightiiyg vertically in shafts, is also furnished. The weight of the instrn- 

vneiit, exclusive of the tripod, is about 5 J pounds ; the weight of the tripod is 3^ 

pounds ; the height of the instrument from the tripod l^s is 7 inches ; the extreme 

Uittmeter of plates, 5 inches; the diameter of the horizontal plate at the point where 

verniers and graduations meet, 4^ inches. The instrument and tripod head are packed 

ill a box 7} inches square, arranged with straps to allow its being carried over the 

sHoulder in the same manner as an army officer's field glass, while the folded tripod legs 

answer as a cane. Though these instruments have been specially designed for mining 

iix^, yet from their liarhtness and compactness they are also meeting with favor for 

geological surveys, ana for preliminary railroad reoonnoissances ; when used for these 

purposes, an extra pair of hairs for stadia purposes (t. e. measuring distances without 

ohaining), besides the ordinary cross-hairs, is added. 

The same manufacturers make a very convenient Plummet Lamp, for underground 
work. It consists of a brass lamp, suspended by two chains, and terminated beiow in 
a conical plummet. The so-called compensating ring is an equatorial ring, surround- 
ing and supporting the lamp, which swings freely within it, upon an axis. The two 
chains are attached to this ring at the extremities of a diameter perpendicular to the 
axis. By means of this arrangement, the point of suspension, centre of lamp flame, 
and steel point of plummet always lie in a true vertical line, no matter how much the 
brass supporting chains may alter in length from the heating of the Lamp, kinking or 
wearing of the links, A shield at the top prevents the flame from burning the string. 
These Lamps are generally used in pairn for back and forward sights. 

I understand that Mr. McNair of Hazleton and Mr. Coxe of Drifton, both members 
of this Institute, have used this instrument with satisfactory results. 
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(From Van Nostrand's Engineering Magazine for July, 1873.) 

A paper, read at the Boston meeting of the American Institute of the Mining Engi- 
Qeers, February 19, 1873, by Eckley B. Coxe: 

In the anthracite coal regions of Pennsylvania the custom has been to sight either at 
an open light (generally a mine lamp), or at the string of a plumb-bob. If the station 
was intended to be a permanent one, a spud, as it is called, that is, a nail resembling a 
horse shoe nail, with a hole in the Iiea<l, is driven into the timbers over the station, or, 
if there be no timber, a hole is drilled in the coal or rock roof into which a wooden 
olug is driven, wliicli serves to hold the spud. 

The flrst operation in making a survey, is to lay out the stations, that is, to mark the 
place where the holes are to be drilled lor the points on the timbers where the spuds 
are to be d/iven in. This should be done before any instrumental work is begun, as 
much labor can generally be spared and the use of very short sights can often be 
avoided, by carefully laving out the stations beforehand. When the stations were 
laid out, a plumb-bob was hung from the innermost spud, which I will call No. 1, the 
instrument was put in position at No. 2, by plumbing down and putting a centre pin 
under the spud, and then setting up over the centre pin, and another f)lumb-bob was 
Kuspended from No. 3. If great accuracy was not required, a mine lamp was set up 
nnner the plumb-bobs at No. 1 and No. 3, and the engineer sighted at them. If great 
accuracy was required, a lamp or some white surface was held by an a.ssistant behind 
the strings of the plumb-bobs. To work with any speed by the latter method (i. «., 
the accurate one), it wa's necessary for the engineer to have three assistants on wnorn 
he could rely, even when the chaining was done afterwards, viz.: one to hold the light 
behind the string at No. 1, one at No. 3, and an assistant at the instrument to hold 
the light while levelling, readin<^ the instrument, etc. When using lamps on the 
ground, it is necessary to examine them from time to time to see that they have not 
.sunk in the mud or turned on one side, etc. ; besides, the flame of a mine lamp is a 
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very large object to sight at, and Hometimea it is impossible to see it on the ji^roitiscf 
(when it can be well seen two or three feet above it), in consequence of some inter- 
vening obstacles. Being so situated that it was necensafy for me to do a certain 
amount of accurate work, where I could, not rely upon having more than one compe- 
tent assistant, I bad the plumb-bob lamps constructed, and 1 work with them with a 
single assistant in the following manner: 

When the stations have been laid out, J go to station Ko. 2 with the Transit, and by 
means of the plumb-bob belonging to the instrument, I place the centre pin, (a small 
block of lead with a steel pin in it,) precisely under the spud No. 2; I then remove 
tiie plumb-bob and set up my instrument. While I am doing this, my a^fisistant takes 
the two lamps, suspends one from spud No. 1, and the other from spud No. 3, and theu 
comes back to hold the light for me while I make the final adjustments and take the 
readings. My instrument is graduated to 360^, and has two verraers 180° apart. I 
set the vernier at zero, and sight backwards to lamp No. 1. The flame is very 
8mall and has a blue central cone which I bisect. I then read the compass needle^ 
invert the telescope, deflect and sight at No. 3, and read both verniers and the needle. 
I then tnrn the telescope back, sight upon No. 1, and turn the vernier plate round 
nearly 180° until I sight No. 3, and again read both verniers. I obtain thus four 
readings of the deflection from the vernier, and a compass reading a<» a check, and, as 
the lights aiys steady and small, the readings can be made very accurately and quickly. 
If the four readings agree (with their difl*erence of 180°), 1 am sure there is no mis- 
take and ffo on. I then take up my Transit, go to No. 3, run down the lamp to near 
the ground, put my centre pin under it, remove the lamp and begin to set up. 

In the meantime, the assistant brings the lamp from No. 1 to No. 2, and then takes 
the lamp from No. 3 to No. 4, and comes back to No. 3 to assist me at the reading of 
the instrument. The work goes on in this way until all the angles are measured. I 
then go back and chain the distance from one station to another, and take notes of the 
workings, etc. In this way, two persons can make a very accurate survey as quickly 
as three can by the old method. Of course if one has assistants enough the chaining 
can go on with the instrumental work.* 

* This paper of Mr. Coxe's and the preceding paper of Prof. Raymond's were also repub- 
lished in the Engineering and Mining Journal, U. S. Railroad and Mining Register, Western 
Mining Review, and in the Transactions of the American Institute of Mining Engineers. 



Work baa been commenced on the Centennial Bnilding, in Philadelpbi<t 
Within two days after his appointment, the engineer in charge had already 
broken ground. The engineer's instruments used in the surveys are of the most 
approved make, and are furnished by Messrs. Heller & BrighUy, Philadelphia. 
The Telescopes ou the transits and levels, made by this firm, are much superior 
to the old-style instruments we have been accustomed to. — From the Engineering 
and Mining Journal, New York, February 14, 1874. 

The Second State Oeologioal Smrev of the State of Pennsylvania was 

organized at the last meeting of the Board of State Commissioners in Harrisburg, 
June 26th, by the adoption of by-laws and a plan of Survey presented by the 
B:ate Geologist. 

The rooms of the Commission in Harrisburg will at present be used, in ad- 
dition to their proper use, to form the nucleus of a complete geological and min* 
^ralogical museum of the State. 

The work for the remainder of the season has been organized, and by secnring 
the most improved field inst^. uments as proposed, much time will be «aved here> 
after and for greater accuracy attained. 

All the field-instruments for the Survey are specially *made for it by KessilL 
HtUer ft BrighUy, Philadelphia.^/6id; July l%lh, 1874. 



J 



liESLEY^S HICBOMETEB FOR WELD-KOTE PLOTTING. 33 



(From the United States Bailroad and Mining BegiHter, June 28, 1873 ) 

LES£ET*S HICBOMETES FOB FIELO-HOTE PLOTTING. 

Head before the American Philascyphical Society, April 18, 1873. 

I desire to place on record in the proceedings of the Society a description of m;f 
Micrometer for plotting field^ootes, which appears to be coming into favor with Civil 
and Mining Engineers. 

It was many years ago that the need of such a little instrument forced itself on my 
attention, as a substitute for a vernier attachment to a scale for use on the office-table. 
The strain ufjon the eyes in constant plotting on small scales, say on the common scule 
of 1000 feet to the inch^ or the not uncommon one of 2000, is greater than the be^^t 
liuman organs of vision can endure without permanent injury, to say nothing of the 
loss of time involved in adjusting the dividers, or applying the paper edge, if a paper 
««cale be used directly. Every field worker who has constructed elaborate contour line 
luapa covering an extensive region of country will bear me out in this assertion. 

Considering also tlie liability to error in counting the decimals and hundredths or 
thousandths of the flcale-unit of r/istonees, after hours of application to work has lowered 
the tone of the nervous system, I sought some mechanical substitute analogous to Mr. 
Cleavei^s Protractor, now in almost universal use tor plotting courses with ease and 
precision. 

Many forms of such an instrument passed through my mind, but over-occupation, o^ 
perhaps laziness, prevented me from taking the necessary steps to realize the idea in 
even tentative forms, although I spoke of it several times to Mr. Young, the accom- 
plished and experienced instrument maker of Philadelphia, now dead. 

During my wanderings in Europe in search of health in 1866, 1867, and 1868, 1 was 
several timeM the gue.«t of my old friend and fellow-laborer in the Anthracite coal fields 
(1853), Prof. Edouard Desor, at his charming residences on the Combe Varin and in 
Neufchatel, Switzerland. One day we strolled into the well-known philosophical in^ 
Btrument manufactory of Mr. Hipp, to whom, among other things, I mentioned the 
need of a Micrometer Divider for plotting, and drew at his request three of its pod- 
Bible forms, such as seemed to me the most feasible, giving him an order for one, and 
leaving him to select the form he preferred. 

On my retiirn to Philadelphia in the Hpring of 1868 I received it in a broken condi- 
tion. The chain had been snapped by some custom house official, too curious to learn 
it^ nkture to treat it with much delicacy of handling. It was, however, easily repaired, 
and I fcinnd it all I could desire: handy, accurate m its action, and perfectly relieving 
the eyes from the strain of measuring. * * * The orieinal waa in constant use by one 
of my assistants in mjr office throughout the spring and summer of 1872. When the 
course of instruction in the Department of Science of the University of Pennsylvania 
commenced last fall, I aceustomed my special geological students to use this inHtriimeiit 
among others, and ordered of Heller & Brightly, instrument makers, a duplicate of it, 
Bet, however, not to centimeter^ and millimeters, but to inches and hundredths of an 
inch. While making it, Mr. Eckley Coxe and other civil and mining en^neers saw 
it, and ordered others like it for their own use, and these orders have become ko 
numerous that it haa evidently taken itx place among the accet>ted apparatus of the 
engineer's office-table. 1 ho()e many will in future enjoy the relief and comfort from 
it which I have enjoyed since 1868. 

1 was urged to patent it, as Mr. Cleaver patented his Protractor. But I feel a natural 
brejudice against patenting a little thing which may become to some extent a public 
benefit, at ail events within the not altogether narrow limits of one of the scientific 
profes.«ions. I desire, however, to prevent any one else from hampering its progress by 
a patent, and to that end beg leave to place this record of its invention among the pro- 
ceedings of thiM Society. Any one can obtain the instrument free of patent royalty, 
from the makers above named, or may order it made for themselves anywhere else. 

Tliia Micrometer consists of an arc set with three, four or more needle-points fixed 
at intervals of one centimeter, one-half inch, or any other unit adopted for the survey, 
equivalent flay to 100 feet (yards, Imks, rods. etc.). 

A handle projects upward from the inside of the arc by which to hold it, and by 
which it may be applied to the line of course and be gently rotated, so that each 
uoLMlle-point in its turn pricks iis (100 feet) unit distance along the line. 
Between the laat two oeedle-pointB floats a supernumerary needle-point or oompase- 
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leg, jointed high up on the handle, and 8wung or floated to and fro by a simple ratch^i 
and watch chain, turned at will by means uf a button, projecting from the ceiHre of a 
circular disc on the handle; the disc circle being divided into hundredthn (thouHaudtlit*, 
etc.), and traversed by an index which starts from and comes round to a stop at zero. 

While the index travels over the disc from to 100 the supernumerary needle-point 
travels from needle-point to needle-point, one unit. 

Example of use : Suppose a distance 327 feet to be laid off on a course ; the fiftli 
aeedle is applied to the station (point of tangent, or point of curve) and the arc rotated, 
so that the fourth needle pricks 100, the third 200. the second 300 feet. Then, the index 
being brought to 27, the floating needle pricks 327. 

Mr. Eckley Coxe has had a useful addition miide to his instruments in the shape of 
a set of removable rings, divided for lOOths, lOOOths, 66ths, 33ds, etc., etc. Two little 
screws hold the ring in place, whichever one may he in request for any particular plot- 
ting. When plotting on the scale of some other unit of distance is required^ another 
ring is substituted. 



[COPY.] 



Fhii«adei.phia, Oct. 24, 1873L 
. 580 NOKTH Sixth St. 



Walter Shanly, Esq., Hoomc Tunnd. 



Dear Sir : — At Mr. Heller^s request I drop you this note, to say 
that I have examined his improved Telescope, and that it is really a 
mo8t important and useful affair. I could scarcely believe my eyes 
when I first saw for myself the extraordinary power of his instruments. 
I add on my own responsibility that I consider the engineering instru- 
ments of Messrs. Heller & Brightly superior, by far, to any others that 
are made. 

They need, however, to be seen and used before such a sweeping re* 

■ 

mark can be fiiUy realized. 

In haste, 

Yours, very truly, 

John C. Traittwioti, 
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DtPROYEB METHOD OF MEASUKDrO IS HIVE STJEYETSL 

(From the Engineering and Mining Journal, New York, April 2d, 1874.) 

A. paper read at the New York meeting of the American Infltitute of Mining Eu* 

gineersy February 27, 1874, by Eckley B. Coxe. 

Iv making surveys in the anthracite coal regions of Pennsylvania, the ordinary en« 
fdneer's chain (50 or 100 fL long) is generally used, both above and below ground. 
Sometimes, where it is difficult to chain, as, for instance, across a chasm, a wire is 
stretched from one station to the other, the distance is marked on the wire and its 
length is then measured with the ordinary chain. Having had occasion lately to make 
some surveys where it was necensarv to determine with great accuracy the position of 
the land or property linq, not only in the gangways or levels, but also in the breasts or 
ehambers, the coal on the north side of the line belonging to one party and that on the 
«o.»ith side to another, and as it is very difficult to measure up the breasts or slopes 
with aecuracv, and to make the proper allowance for the pitch of the vein (the true 
horizontal distanoe being, of course, the product of the distance measured with the 
chain by the cosine of the angle of inclination of the chain), and as the ordinary 
method of chaining up or down steep slo))es on the surface, by holding a portion of 
the chain horizontal and plumbing down from the high end, would in most eases be 
Tery difficult and dangerous, and sometimes impracticable, I determined to adopt a 
new plan which would do iiway with most of the above difficulties, and by which I 
could eliminate many causes of error from my ordinary chaining. 

My first idea was to have a fine steel wire rope, about 300 ft. long, stretched as much 
as possible in making, so as to do away as well as I could with that source of eiror, and 
then to have it graduated every .ten feet. I proposed using small brass ta^ of different 
shapes to designate the different hundred feet thus: 

0—100 a triangle. 
100—200 a square. 
200—300 a circle, etc. 

The numbers of the ten feet spaces were to be marked by drilling small holes in the 
tags. I intended to use this for the principal lines of my surveys and to use the chain 
only for lines which were not of greiit importance. 

When I called upon Mr. Heller (of Heller & Brightly, the instrument makers, 
of Philadelphia) to order this measure, he suggested that it would be better to use in- 
stead of a wire rope, which would stretch, the bands which are manufactured for hoop 
skirts ; they are made of tempered steel, are very light, and will not stretch sensibly. 
After consultation with him, 1 decided to have the tape measure constructv^ which is 
now before you. It is 500 ft. long and weighs 2 lb. 7^ oz. It is a ribbon of tempered 
st^l, 0.08 inch wide, 0.015 inch thick. At each 10 feet a small pieCsS of brass wire is 
soldered across the tape, the solder, which is white, extending about one inch on each 
side of the wire, in the latter, a small notch is filed, which marks the exact point 
where the ten feet ends. The exact distances from the zero point of the tape are marked 
opon the solder by countersunk figures. The white solder enables one lo find the ten 
reet notches very easily, and, no matter how dirty the tape may be, by wiping off the 
solder with the finger, the distances are easily read, as the countersunk figures, being 
filled with dirt, stand out upon the white ground of the solder. The and 500 feet 
marks are not at the end of the tape, but near it, and are also denoted by a notch filed 
in a wire soldered to the tape. 

The tape is wound upon a simple wooden reel, ten inches in diameter, which is held 
in one hand and turned by the other. At first some difficulty is experienced in wind« 
log np the tape, but a little practice soon overcomes it. Two' brass handles, which can 
be detached, accompany the tape and are carried upon the reel. 

Description of a survey made with the tape, — The instruments used were one of Hellea 
i^BfiiGHTLY's new 11 inch transits,* 2 plummet lamps, the 500 ft. tape and a 5 ft. 
wooden rod divided into feet and tenths. The latter is used to measure the distance 
from the nearest ten feet to the station. There were two closed sets of lines or survevs, 
one set entirely above ground, but through the swamps and brush of the anthracite 
coal re^'on, and one partly above ground and partly in the mines. The latter began 
at a point in the swamp, went overground 2400.57 ft. to the mouth of the slope, then 
down the slope (pitch 37 deg.), 276.99 ft. (horizontal distance), then along the gang« 

* Five Inch Magnetio Needle. Telescope, 10| inches Jong. Telescope, erecting and magnifying, i| 
diameters. 
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way 4272.01 ft. which formed one-half of an ellipse, then up through a breast (p^tcii 
about 34 (leg.) 275.44 ft. (horizontal distance) to tlie bottom of an air shaft, then by two 
plumb lines to the surface, and then through the swamp 141.83 ft. on the surface to the 
point of beginning. The length of the periphery of the first dosed figure was 6660.19 
ft. ; that of the second 7366.84 ft. Tables 1. and II. show the details aud calcolatiouii 
of the two surveys : 

TABLE I. 



I 

OQ 

3 
4 
5 
B 
Bl 
B2 
B3 
B4 
B6 
6 
4 
8 



Angle. 



Right. 


Left. 


(f(A' 




QP4V 






0°62' 


0°33' 






i79°3ir 




31012' 
19°39' 


• 


9°36' 


4°0«' 




36°66' 




62°39' 






9°0V 


86°27' 






44^17' 


••••••••• 


fiosr 



% 



9> 

S to 
•a (s 

I ^ 



0^04' 
0^51' 

— 0°0l' 
-I- 0'^32' 
— 179O00' 
-.210°12' 
—229-51' 
—239-27' 
—235-21' 
—199^26' 
-136=^47' 
— 146048' 

— 59^21' 
—103038' 
— 109O29' 



• 

at 

S 

1 

CO 

Q 


Positive 
Sine. 


664.97 
711.66 
408.60 
567.25 
186.05 
88.42 
389.60 
631.00 
381.26 
752.50 
294.80 
527.S50 
464.85 
210.06 
382.20 

Differe 


0.78 
10.66 


6.28 


44.48 
297.72 
f43 41 
313.62 
260.37 










1466.22 


Dce-i.0.29 









0.12 

•■««•■■ 

3.24 






friOQ 



OQ 



201.87 
296 331 
399.911 
204.14 
360.32 

146&93 



0.78 

ll.:i4 

11.22 

16.50 

13.26 

67.74 

356 46 

898.87 

1212.49 

1462.86 

1260.09 

964.66 

56k75 

360 61 

■fO.29 



Negative 
Sum of 

Sines. 


Positive 
Cosine. 




664.75 
711.47 
408.16 
667.22 


































236.97 




. 


2688 67 
Difference 0.00 



TABLE II 



B 




31012' 

19^39' 

9036' 


Bl 




B2 
B3 


40O6' 
35O06' 
31^20' 
7301O' 

88<^44' 


B4 




B6 



1 




2 


11035' 


a 


604I' 
8^21' 


4 




6 


9^26' 
4°31' 


6 




7 


2017' 


S 
9 


7°36' 


10 


7056' 

'51046'*' 
44030^ 
78061' 


11 
12 


I8050' 


13 




14 
16 


*iip69' 
13°08' 


16 




17 


ISOSC 

I30I6' 

4040' 


18 




19 




KKt 


580l(y 
24044/ 

34=10' 
21<^59' 

•« •••• • 


F 




£ 




D 
C 
A 


"190O8'" 
164046' 


». 


4S016' 

1 



-210O12' 
-229=51' 
-239=27' 
-236021' 
-199026' 
-I68OO6' 

- 94=57' 

- 6=13' 

- 1704s' 

- 11=07' 

- 2=46' 

- 12=12' 

- 10043' 

- 14026' 

- 21=59' 

- 17=52' 

- 25=48' 

- 6=58' 

- 58=44' 
-103014' 
-182O05' 
-167O06' 
-163038' 
-169=28' 
-182=43' 
-187023' 
-129013' 
-104=29' 

- 7(»oi9' 

- 48O20' 

- 67^28' 
-222014' 



88.42 
389.50 
631.00 
381.25 
75J.50 
157.90 
276.99 
661.98 
157.06 
281.50 

86.90 
192.91 
20S.12 
23.J.85 
476.32 
101.20 
235,64 
370 85 

86.40 

99.95 
31660 
15138 
107.95 
123.36 
209.60 
178.54 

21.91 
173.71 

79.82 
9.08 

25.95 
106.80 



44.48 




67.74 


297.72 




355.46 


64:J.41 
313.62 




898.87 
1212.49 


250.37 




1462.86 




32.56 

275.96 

70.60 

48.01 

64.28 

4.19 

40.77 

59.86 

68.79 

178.30 

31.05 

Hi2,iQ 

44:98 

73.83 

97.30 


1430 30 




1U4 34 




1083.74 




1035.73 


■••••• •••••• 


981.45 




977.26 




936.49 




876.63 




817.84 




639.64 




608.49 




5t)5.93 




460.95 




387.10 




289 80 


11.61 


301.31 




33.80 
47.38 
22.65 


267.61 




220.13 




197 JS8 


9.93 


207.61 


23.00 


'"ld.'98 
167.56 

73.79 
6.78 

83.97 


230.61 

213 63 

45.97 














71.81 


13.24 






••••••••!•• 


1565.85 


1665.87 





]>ilference— 0.02 



27.82 
34.60 
68.57 



648.29 
149.64 
276.22 

8679 
188.65 
198.86 
228.40 
441.68 

96.32 
212.16 
368.11 

44.84 



26.39 
6.04 
9.94 



J: • 

11 



I 



> o z 
c j; c 



9^ ^ 



18^.02 
76.42 
251.16 
:^2(a3 
216 77 
7(9.&3 
214.84 
436.U4 

49.66 
127.47 

2688.67 



664 75 
1376.22 
1784.38 
235160 
216r.£8 
208916 
18:«.Q1 
1517.28 
! 300.51 
590^8 
376.04 



176.97 

127.47 

0.00 



2982.12 



Difference -f-0.62 



76.42 
251.15 
320.73 
216.7 r 
709.63 
154.61 

23.90 



22.88 
316.30 
147 56 

97.00 
121.i9 
209.37 
177.65 

13.K6 

43.44 



79.05 



2981.60 



2089.16 
1^38.01 
1517.28 
130061 
690.88 
436.37 
412.47 
1060.76 
1210.30 
14C6.62 
1573.31 
1761.86 
1960 72 
2189.12 
2630.80 
2727.12 
2939.27 
33(»7.38 
3352.22 
3329.34 
3013.04 
-:865 48 
2768.48 
2647.19 
2437 82 
2260.17 
2246.32 
2202 88 
2229.27 
2235 31 
2245.25 
2166.20 



• •••«•▼• 



60.00 



• •••• 



>•••••«•» 



«••«•««% 



From these we see that the total errors were in the 

Sine. CoRine. 

First case -fO.29 00 

Second case —0.02 -f 0.62 

This is very accurate work, for this kind of mine surveying. We made three othei 
Rurveys on the same property with equally ^ood results. 

In measnring with the tape it is better to have at least three men, one at each end 
and one to take off the distances and note them. The hind chainman should be a re- 
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liable man, ra he must hold the sero point of the tape exactly at the nail in the stake, 
or alongside of the cord to which tlie plummet lamp is stiapended. The front chain- 
man has merely to stretch the tape and to see that it passes exactly over the front 
station. The third man, who carries the five foot rod, starts from the rear station and 
notes the distances of the breasts, etc., as he goes along until he arrives at the forward 
end, where he notes the distance of the station from the last one. In measuring dis« 
tances of over 500 feet, a temporary station is made at 500 feet exactly in the line to 
be measured. 

A.<ivajUage9 of the tape. — First, greater facility in measuring up or down slopes, breasts^ 
etc. Second, greater accuracy in measuring from one station to another, as the tape 
forms a straight line from one station to another, and as there is no error from the use 
oi pins. Third, the tape does not stretch appreciably. 

J>widvantaffe8. — First. It is liable to break unless carefully handled. Second. It is 
Qecessary to roll it up and unroll it, when the distances between stations vary much. 

The tape can be easily mended by any watchmaker when it breaks, and Messrs. Hel- 
X.SR & Brightly make a small sleeve of brass, tinned inside, in which the ends of the 
rape, when broken, are slipped and then soldered fast by merely heating the sleeve 
with a red hot poker. They also have little brass clamps to fasten on the tape to mark 
any point whicn is to be used several times. 

when the men become accustomed to the tape they wind it up and unwind it very 
quickly. 

There are three sources of error which may be referred to, viz.: 

I. The extension of the tape by stretching. 

II. The shortening of the tape' in consequence of the tape assuming the form of the 
catenary curve. 

III. The contraction or expansion due to the change of temperature. 

As stated above, the tape does not stretch appreciably, but this error being in the 
opposite direction is, to a certain extent, compensated for by the shortening due to 
the formation of the catenary curve by the tape. I subjoin a table, calculated by my 
assistant, Mr. Edgar Kudlich, showing the shortening of the tape due to the latter 
cause. The tension in practice is from 30 to 40 pounds. 

TABLE III. 



Length of 
Tape 


True diatanoe when tape is subjected to a tension of (or chord of the catenary curre 

formed by the tape). 


Measure. 


101b. 


2Ulb. 


30 1b. 


40 1b. 


501b. 


60 1b. 


100 ft 


99.9894 
199.9193 
299.7143 
899.3268 
498.6779 


99.9074 
199.9791 
299.9294 
899.8327 
499.6732 


99.9988 
199.9907 
299.9687 
899 9260 
499 8S61 


99.9993 
199.9948 
299.9824 
399.9588 
499.9185 


99.9993 
199.9967 
299.9887 ■ 
399.9733 
499.9479 


99.9997 ^ 


200 ft 


199 9977 


300 ft 


299.9922 


400 ft 


899.9815 


500 ft 


499.9638 

















According to the table given by Haswell for the expansion of steel, a ta[)e measure 
500 feet long at 32° Fahr., would become 500.6 fe^t long at 212°, so that a variation 
of 60° in temperature would only cause a variation of two-tenths of a foot in a 500 
feet tape. 

In conclusion, I would advise the use of the tape for all important work, while the 
chain should be used for filling in details, and where accuracy is not absolutely neces- 
sary. ' 

DiscuasiON. 

Mr. CoxE remarked, in answer to (][ue8tion8, that no correction was applied for tem-> 
perature, and no allowance for stretching of the wire ribbon. He thought its extension 
was practically nU. 

Mr. Raymond commented on the fact that, while mining and surveying instru- 
ments of all kinds had been improved so much in recent years as r^arcls accuracy 
and precision, the method of measuring distances — the chain — had remained the same. 
Nothing could be inherently more objectionable as a standard of measurement than a 
chain composed of links which are habh to wear by friction. 



40 THE MUSCONETCONG TUNNEL. 

From the Railway Worlds January 23d, 1875. 

ACCTJRACT OF AMERICAN CIVIL ENOIITEEEING. 

As tlie MusconetcoDg tunnel (just bored through the mountain of that name, on th<i 
]ine of the Lehigli Vailey Kailroad) in one of tlie idngeflt this side of the Mississippi, 
being almost exactly one mile long, the following teclmical details may be interesting 
to ciyil engineers : 

The headings of the tunnel met on the 16th December, and on testing the align- 
ments, levels and distance, the following were found to be the errors: 

The alignment tested to four- hundredths (0.04) of a foot, or a little less than half 
an inch. 

Levels were run over a mountain 5000 feet long and 450 feet above gi*ade ; also into 
the tunnel at each end about 2500 iect, to point where headings met. These tested to 
fifteen-thousandths of a foot, or kss than one-fifih of an inch. The chaining, carried 
by steel tape-measurements over the f^ame distance, tested, on the headings coming to- 
gether, to iiity-two*hundredths of a foot, or six and four-tenths inches. 

To the non-professional reader it may be necessary to .explain that a hole one mile 
long was bored through a monntsiin over 40O feet high, that this hole was bored froua 
the two opposite sides of the mountain at the same time, and that the deviation of the 
centres of these two holes on meeting in the centre of the mountain being termed the 
"error of alignment." 

As the slightest error of observation or of calculation would be productive of the 
most disastrous consequences, the highest class of engineering skill and of instruments 
are absolutely necessary, and the results enumerated above show that in worlcs of this 
class our civil engineers are not behind their European brethren. The "error of 
alignment *' of the Mt. Cenis Timnel was three feet — of levej, two feet ten inches. 

The instruments used were made by ^he firm of Heller & Brightly, of Philadelphia. 



[Extract from a paper on *'The Musconetcong Tunnel," read by Henry 8. Drinke», 
E. M., before the American Institute of Mining Engineers at New Haven, Conn., 
February 25, 1875, published in full in The En^nedivg and Mining Jotimal (New 
York), for May 29, 1875.] 

THE MUSCONETCONG TUNNEL. 

This concludes the description of the direct methods of mining employed at Mus^ 
conetcong tunnel, and it may now be interesting to you, before leaving the subject, to 
have a summary also of the surveying work done, and of the tests made in meeting in 
alignment and levels, but first we would say that at date of publication of this paper, 
the arching has been carried over underneath the shaft, and the latter has been filled 
with clay and earth to the surface. It is also the intention to turn a five-foot ring for 
a permanent ventilation chimney up through the slope. This ring will be five feet in 
diameter in the clear, built four bricks thick, and bearing at the bottom on a retaining 
wall put in across the slope just where the rock begins, and around this ring the slope 
will be filled up to the surface. 

The. transit used was literally a " Heller," it, and all the instruments on the work, 
being made by the well-known firm of Messrs. Heller & Brightly, of Philadelphia. 
The "Gentleman from Drifton'' has already had occasion in several interesting papera 
to call the attention of the Institute to their mining transit and plummet lamp, and the 
experience at Musconetcong most thoroughly endorses the favorable opinion he 
expressed as to their make. The above transit was of the compound centre class; 
diameter of graduation of horizontal limb, seven inches; telescope, 17 inches long, 
achromatic and erecting; magnifying power, 28 diameters. Avery sensitive bubble 
is attached to the axis of the telescope, at right angles to the line of sight, and by its 
careful adjustment and observation, great accuracy may be obtained. 

The af)proach to the tunnel on the west begins on a 5® curve, the P. T. of which is 
about 800 feet from the entrance, and the tunnel itself located on a tangent throughout 
its lengfth, the said tangent terminating in a curve, having its P. C. some 1850 feet 
beyond the east portal. The grade ran to a summit in the middle of the tunnel, the 
same being the summit for the road. It waa reached by a rise of two-tenths (0.2) to 
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the hundred feet on the west side, or 10.56 feet to the mile, falling on the east at fifteen- 
hundredths (0.15) to the hundred I'eet, or 7.92 feet to the mile. 

To determine the line after its preliminary location, an observatory was erected on 
the summit of the mountain, ab<jut 12 feet high, with an eight*foot square base, batter- 
ing on the four sides about 1^ inches to the foot. Two solid stone foundations were 
also built on line, one on a hill about halt' a mile from the west entrance, the other on 
the grading, at the east end, and about half a mile from the eastern portal. As the 
observatory was located about midway over the tunnel, this gave, approximately, equi- 
distant sights of about, ray, a mile and a quarter each, at the farthest. ThiR, however, 
was done after the tunnel had been started from points establiRhed on both Fides by 
repeated and carefully checked runnings. The tower being subsequently built, two 
points were established, one each on the foundations, on either side, from the lines by 
which the work at either end had been so far riin, and then assuming these end points 
as correct, by a series <)f repeated and careful trinls, the centre point on the tower, or 
•permanent bapk-sight for both ends was determined by setting up, approximately, over 
it, and then reversing and sighting repeatedly, moving the in»<trument to and fro side- 
ways, within a variable distance of about fifteen-hundredths (0.15) of. a foot, in which 
the nights all came, and finally taking their mean. This wa^ at first done, as soon as 
the observatory could be located and built, with sufficient accuracy to test the prelimi- 
nary lines. Subsequently this centre point was tested, and rete»ted, and determined 
with extreme accuracy, by the mean of very many trials made both by sighting by day 
and by night, and in winter and summer. Difierent objects were used for sighting on 
in day-work. . Both the ordinary red and white round pole, also a flat 2X1 inch black 
pole, with a white centra streak. This latter, ftrom its sliape, was found difficult to 
keep plumb, either when held or fastened. Al^o a pole of one-half inch round iron, 
painted white, was tried, and found to answer well, better than either of the others. 
But far better and more accurate than any daylight back-sight, whether permanent or 
movable, was found the simple expedient of usinff plummet-lamps on clear calm nights. 
They worked admirably outside, a flame j-inch high, by ^-inch in diameter, being 
distinctly seen in the long sights; and with a fine hair, the sights were found, finally, 
to repeatedly test within practically such exact limits (two or three hundredths), that, 
the point being once fixed, it was not subsequently found advisable to muve it. Now, 
these three reference points beiug located, at the west end a centre was bet at the mouth 
of the slope, and from it another at the bottom. This gave a back-sight of 276 feet 
to run from into the heading. At each shaft a centre Wiis firs^t set, with great care, 
about twenty-five feet off, and from thu) the line prolonged to two staples driven into 
the timbers on each side. On the mean of many sights being deteriuined, the points 
on both staples were notched, tlie notches tested, and fine plummet lines dropped from 
them, the weights being steadied at the bottom, in water. Then the line was continued 
from these, as in ordinary mine surveying, in running from a shaft, the instrument 
being first approximately set up in line, and then moved sideways, until the hair ex^ 
actly bisected the mean of the slight oscullations observable in the lines. Though the 
distance to be run from the shafts was not great, this care was necessary from the short- 
ness of the back-sight, the distance between staples being only some TJ feet, and from 
the fact that the headings were through earth, it being very necessarv in enlarging 
through earth to be able to have the crown bars clasely located at equidistant spaces 
from centre. On the headings between the shafts and slope meeHng, the various run- 
nings all tested closely; but it was the long line between the m^in east and west head- 
ings that required, of course, the most care, and caused the most anxiety. This line, 
at the east end, waH simply c(mtinued on the grading, up into the heading, at first with 
one, and, subsequently, as the headings sdvanced, with two intermediate centres. At 
the west end, the line was at first run into the main heading (No. 1) down the slope, 
but as the enlargement in soft ground proceeded between the slope and west end, in time 
a clear sight was obtained from the mouth of the tunnel to the slope, and thence into 
the heading, making two intermediate centres, as at the east end. It was always neces^ 
sary to have a station where the slope came down, since the latter was driven, after 
meeting rock, sixteen feet wide — thirteen on the left and three on the right of centre 
line, leaving at its foot about ten feet of space for passage on the right, as the line ran, 
and, of course, cutting off centre line. The three feet on the right, however, were 
dressed off, subsequently, at the level of the heading, so as to give a clear back-sight to 
the mouth. 

These east and west lines were repeatedly run and tested as the headings advanced, 
and, besides the work continually spent on them by the Division and Kesldent Engi- 
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neers, they were freqnentlj checked by the Principal Assistant Engineer. They finally- 
tested within four hundredths (0.04) of a foot, or less than one-half an inch. The 
levels were carried over the mountain by a series of test benches run until succeeding 
benches tested within five thousandths (0.005) of a foot. On meeting, the face benches 
on either side were found to test within fifteen thousandths (0.015) of a foot, or less 
than one-fifth of an inch. Owing to the system of centre cuts, used in blowing the 
rock, in which ten feet at a time were brought out, it was especially necessary that the 
chaining should be accurate, so that the distance apart of headings might be safely 
determined. To measure over the mountain, two stout frames were made, steadied by 
weights on the legs. They each simply consisted of a vertical shaft with three legH, 
one movable. From a board nailed on the top of the shaft a fine plummet was bung. 
The two were put in line, the plummets centred by the transit, and a point at the top 
of one line leveled with a point near the bottom of the other, and the measurement 
thereon taken between the two with steel tape. The hind frame was then moved on, 
and the chaining so carried up or down hill in successive steps. This method was 
found to be satisfactory; for, on the headings 'coming together, the distance apart, pre- 
dicted and marked, was found to agree with the measured distance witliip fifty-two 
hundredths (0.52) of a foot, or about six inches out in a total chaining of about eight 
thousand feet, four thousand through headings, and fonr thousand over the mountain, 
the test measurement being brought down the slope on angle instead of in at the west 
entrance. 



''IHSTBUMEirTS OF PEECISION " FOB EDUCAXIOVAL DTSTITir- 

TIONS. 

It will interest our readers to know that a number of the leading Educational Insti- 
tutions that make Civil Engineering and the nse of field instruments a part of their 
course of study are at the present time procuring full sets of the most modern styles of 
instruments. We have recently been sliown by Messrs. Heller & Brightly full sets of 
their field instruments that they have just finished for Dartmouth College, New Hamp- 
shire, the University of California, and for Princeton College; New Jersey. These 
instruments are all very complete in their details, no expense nor pains seeming to 
have been spared. The instruments for Princeton are duplicates of the instruments 
lately furnished by this firm for the University of Pennsylvania and for the Imperial 
College of Japan, the Plane Table being especially a very complete instrument. The 
Telesco^ of the Engineer's Transit for Dartmouth College is provided with an " eye- 
piece micrometer,'' of a new design, that appeared to us to possess special merit ; this 
Transit, instead of the four leveling screws, as is usual in American instruments, has a 
new " three leveling screw tripod," devised by Professor Quimby of the college, that 
possesses some point<4 that render it superior to its Eumpean prototype, especiallv in 
having a shifting head, the allowing of the leveling screws to be packed away in the box, 
And being less cumbersome. — Educatimal Nem, January Qth, 1876. 
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INFORMATION TO PURCHASERS. 



As we have only one erade of goodSi* and one price, and never deviate from 
either, it is not absolutely neoetsary for parties to apply to ns. in person, for the 
parpose of parchasing or selecting any of our instruments. 

T^e modern system of Express Agencies is now so complete as to have their 
agents at every important point in tiie United Btates and British America, and 
these agents in their turn forwarding by stage, etc., to places where there is no 
Express agency. This Express system renders it safer and more expeditious at 
the present day to send goods one thousand miles than to have sent them thirty 
nailes away twenty years since. 

As to the good condition and safety of the instruments that may be trans- 
ported by express ; — We pack in such a manner, and make such provision for 
their safe transportation, that we guarantee the good condition of the instruments 
on their arrival at their place of destination, after being forwarded by express; 
and hold the express company liable to us for all loss or damage that may be 
incurred on the way. 

It is perhaps unnecessary to say that we warrant the instruments, in all their 
partSy to be made of good material and of good workmanship, and with no 
ori^nal defects.^ 

£i ordering instmments, all that is necessary, is to write or telegraph to us 
the kind of instrument desired, and we will forward by Express, (unless a differ- 
ent method be desired). In giving the address to where the articles are to be 

forwarded, be careful to give the County as well as the State, thus : Send 

" Combined Transit and Levelling Instrument," price , and the following 

extras, , , by express, to Wm. Andrews, Civil Engineer, 

Linden, 

Cass County, 

Texas, 
as in some States there are several Express stations of the same name. 

As there are three Chica^os, three Uincinnatis, six Philadelphias, etc., in tho 
United States, and each of tnem in a different State, it is best to always do this, 
even if the articles are to be sent to a large city. 

Terms of payrbent are uniformly cash, and any of the following methods caii 
be adopted : remittingjto us a draft on any banker or broker, in this or any east* 
ern cil 




ing the 

Although we have our own standard ancT approved patterns, if any change 
in the style of the instrument, graduations, or numbering of the degrees Xe 
deairedt we can do it. 



HOW TO SEITD IHSTKITHEirTS FOR BEPAntS. 

In sending instmments of our own, or any other makes, to us fer repairs, h 
18 only necessary to place them in their own boxes, fill the box with some elastic 
material, such as paper, rags, etc. Place this in a packing-box at least an inch 
lATgeTin its dimensions than the instrument box, and fill the space between the 
two with shavings, straw, hay, etc. Mark on the box simply Heller & Brightly, 
Mathematical Instrument Makers, Philadelphia, Penna. Send it to us by 

e^cpress, and ffet at the same time from the agent two receipts; keep one, and 
fbjrward the anplioate to us. Send by mail at the same time, a letter to us giv- 
ing" the items as to what repairs are needed and the time when the instrument is 
a^aan required; and place a duplicate of this letter in the box with the instm- 
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jnent. If the Express charges to Philadelphia are prepaid by the sender (whicli 
is optional), it will be so stated in the receipt before mentioned. 

Our charge for repairs can be paid by the Express Agent (C. O. D.), on our 
returning the articles. Remember, however, always to sentt the spindOLe (or 
ball and socket, if it be a Surveyor's Compass) on which the instrument turns, as 
it cannot be adjusted without ; aiid a socket must be improvised at additional 
cost to the owner, if it be not sent. If, when the instrument is not of our make, 

it is required to be tested for magnetic attraetioii, or defective sradnatioiu 

the fact must be mentioned in the Tetter of advice to us. 

If the distance be not too great, it would also be best to send us the tripod 
legs and head, as the legs are frequently loose in their cheeks, and the iron 
shoes at their ends shaky and points worn off. 

When instruments are sent to us to be repaired, we will, if requested, test 
any steel tage or chain that may be forwarded with them without extra charge, 
and give their difference in length as compared with the true United States stand- 
ard (see ** straight line measurements"), and the state of the thermometer at the 
time of trial. Lf, however, any repairing or adjusting of the chains, etc., be re- 
quired, there will be an extra charge. 

We have been frequently asked, since we have increased the power of our 
Telescopes, whether we could not place our new Telescope on instruments 
made by other firms. We have heretofore uniformly refused, as our new Tele- 
scope is a distinguishing feature of our instruments as compared with others. 
We have however reconsidered our determination, and will alter any Telescope 
to our new one ; but in cases of this sort we will engrave on the Telescope tube 
the name of our firm. In altering the Telescope, all that will be necessary in a 
majority of the cases, will be to remove the old object glass and eye piece, in- 
sert new ones, and to change the place of the cross wires. 



WHAT IT COSTS TO SEND A TRANSIT OB LEVELINO nrSTBTT- 
MENT FEOM PHILADELPHIA TO ANT PAST OF THE TJNITED 
STATES OE OANADAS, OB VICE VEBSA. 

Parties from & distance frequently write us, ** I have an instrument that requires repair- 
ing; about how muoh will be the express charges to Philadelphia from this place?" In order 
to give such parties an approximate idea of the cost of transportation^ we give the following 
table of charges upon fifty and twenty-five pounds of freight to Philadelphia from one or more 
eities in each State. An engineer's transit, such as is made by regular makers (our own is 
somewhat lighter), with tripod head and legs, packed for shipmemt in two strong packing- 
boxes, these boxes filled in with some elastic material, sueh as paper, shavings, etc., will 
average fifty pounds; the tripod head and legs alone, also paokea in strong box, etc., will 
average from twenty to twenty five-pounds ; tripod head, with leveling screws, etc. (but with- 
out the wooden legs), will average six pounds. (See Table of Express Freight Charges.) 

From the table given it will be seen that the cost of sending a transit in its box from any 
part of the United States or Canadas is so moderate (being only in the neighborhood of $2.50 
from Kansas to New York or Philadelphia) that it is the best policy, if a valuable instru- 
ment receives any injury anywhere in tne United States, to send it to those who have all thft 
facilities for making the necessary repairs and adjustments. As to any extra delay incurred, 
we will state that seven days only are needed to bring a transit from San Francisco to Phila- 
delphia, and that the most seriously injured instrument, as a general rule, can have all the 
necessary repairs and adjustments made in six days. As an offiet to this, there is the surety 
i»f the repairing being properly done; and in many instances the low prices charged by parties 
IttFing the facilities for quick work more than counterbalance the express ohaigieii. 
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THE CHEAPEST ABD HOST EXPEDITIOTrS MODE OF SEHBIHa 
SHALL PARCELS TO AHT PLACE DT THE VHITEI) STATES 
OR OAHASAS. 

Surveyors are now rery geuerally taking advantage of tbe post-office law allowing parcels 
of merobandise, if not weighing over foar pounds npr measuring over three feet, to be sent 
through the mails at one-sixth the cost of letter postage (the postage on merchandise being 
one cent an ounce, while letters cost 9ix cents an ounce) ; and almost all small articles, such 
aa tripod heads, leveling screws, clamp screws, compass glasses, level tubes requiring new 
glasses inserted, hand levels, pocket compasses, etc., are sent or returned in this manner, as 
It is cheaper and more expeditious than to forward by express. From the above it will be seen 
that the cheapest and most expeditious way to send small articles is through the mails, as 
packages not weighing over four pounds nor measuring over three feet can be sent to us from 
any part of the United States in this manner at a cost of one cent an ounce, postage to be 
prepaid by stamps. Or, in other words, a six-pound tripod can be sent to us from San Fran- 
cisco at a cost of ninety-six cents by mail, wnereas by express tbe expense would be more 
than double. Similar packages can also be sent by mail from any place in Canada to any 
part of the United States at a cost of ten cents for every eight ounces. Recollect, however, 
that the post-office limits single packages to four pounds in weight. The Fix-pound tripod 
mentioned above would therefore have to be separated into two parcels. If circumstances, 
however, require it, an entire instrument may be sent by mail, if the precaution be taken to 
separate it in such a manner that none of the packages exceed the regulation four pounds. 
Tie the parcels in strong paper and merely address them (by tag or otherwise), ** Helleb t 
Brightly, Mathematical Instrument-Makers, Philadelphia, Pa. 

Another way in which the articles may be sent is to pack them securely in a pasteboard 
box, or else a skeleton box of four strips of wood, similar to those in which pianos or sew- 
ing-machines are packed. Recollect also to so wrap or envelop what yon wish 
to send (if packed in a pasteboard box, with openings cut) that the articles 
may be seen without destroying the wrappers* No writing or mark of any 
description whatever (excepting the address) mnst be placed anywhere on 
the parcel, as this will subject the entire package to full letter rates of 
postage, three cents a half ounce* It is also best to write the address upon a tag, 
and tie this tag in such a manner to tbe parcel that it cannot possibly get loose. 

If the surveyor is in doubt ns to whether his package is properly packed, the precise 
amount of postage stamps to be placed on it, etc., etc., he may ootain full information by 
inquiring at his own post-office before sending. 

TABLE OF EXPRESS FREIGHT CHARGES FROM PHILADELPHIA TO ALL PARTS OF 
THE UNITED STATES AND CANADA, OR VICE VERSA. 



STATES. 



Alabama 

Arkansas 

California 

Colorado Ter'y 

Connecticut 

Dakota 

Delaware 

Dist.of Columbia. 

Florida 

Georgia 

Idaho Territory... 
Illinois 



Indiana.... 

Iowa 

Kansas 

Kentucky. 



a 



Louisiana 
Maine 



Maryland 

Massachusetts.... 

Michigan 

Minnesota 

Missouri 

Montana Ter'y... 

Nebraska 

Nevada 

Kew Hampshire. 



CITIES. 



Montgomery 

Little Rock 

San Francisco... 

Derver 

Hartford 

Yankton 

Wilmington 

Washington 

Tallahassee 

Savannah 

Bois^City 

Chicago 

Peoria 

Indianapolis 

Dubuque 

Ijcaven worth.... 

Louisville 

Covington 

New Orleans 

Bangor 

Portland 

Baltimore 

Boston 

Detroit 

St. Paul 

St. Louis 

Helena 

Omaha City 

Virginia City.... 
Concord 



■*» 


■*» 


•^ » 


js •; 






& s 




$1.88 


$3.14 


2.60 


4.35 


7.28 


12.14 


4.22 


7.04 


.54 


.90 


2.88 


4.80 


.14 


.24 


.45 


.76 


2.78 


4.64 


2.06 


3.44 


11.24 


18.74 


1.34 


2.24 


1.62 


2.70 


1.44 


2.40 


1.70 


2.84 


2.42 


4.04 


l..^l 


2.24 


1.30 


2.18 


2.16 


3.60 


.98 


1.64 


.90 


1.50 


.26 


.44 


.44 


.74 


1.26 


2.10 


2.42 


4.04 


1.70 


2.84 


15.58 


25.99 


2.24 


3.74 


7.52 


12.54 


.86 


1.44 



STATES. 



New Jersey.. 
New Mexico. 
New York.... 



It 



North Carolina,.. 
Ohio 



Oregon 

Pennsylvania. 



4( 



« 



Rhode Island... 
South Carolina. 
Tennessee 

Texas 



Utah Territory.... 
Vermont 



Virginia 



u 



Washington Ter'y 

West Virginia 

Wisconsin 



Wyoming. 



CITIES. 



Trenton 

Santa F6 

New York..., 

Albany 

Troy 

Wilmington. 
Cincinnati..., 

Cleveland 

Portland , 

Harrisburg.. 

Pittsburg 

Lancaster 

Reading , 

Willtesbarre. 
Providence... 
Charleston .. 

Memphis 

Nashville 

Galveston.... 
San Antonio 

Salt Lake 

Burlington .. 
Montpelier.. 
Richmond... 

Norfolk 

Olvmpia 

wheeling 

Milwaukee.. 

Racine , 

Cheyenne..... 



X3 n 



$ .14 

7.82 

.18 

.62 

.6r. 

l.hi 

1.16 

.98 

8.36 

.21 

.C2 

.18 

.18 

.36 

.54 

1.52 

2.06 

1.88 

2.60 

7.34 

5.12 

.76 

1.26 

.72 

.54 

9.08 

.72 

1.34 

1.34 

3.68 






$ .24 

13.04 

.30 

1.04 

'.04 

1.94 

1.94 

1.64 

13.94 

.86 

1.04 

.30 

.30 

.60 

.90 

2.54 

3.44 

8.14 

4.36 

4.40 

8.54 

1.28 

2.10 

1.20 

.90 

15.14 

1.20 

2.24 

2.24 

6.14 



HELLER A BRIGHTLY, 

MATHEMATIOAL, OPTICAL, ENQUfEEEINQ, STJBVEIINO AND ASTBO 

NOMIOAL INSTBUMENT HAEESS,. 

S. E. Cor. Spring Garden & Bidge A^e., Philadelphia. 

IPI^/IOE] LIST. 

Philadelphia, July 1, ]889. 

NOTICE. — As we have in the present edition ma<1e alterationa in the prices of oui 
Engineering Instruments^ etc., the present Price List will supersede all others. 

TRANSIT. 
Oomplete "oombined Transit and LeveliDgr Instrument/* for 

Civil Engineers and Surveyors (similar to illustration) — 6 inch magrnetio 
needle. " Ijongr oompbund centres *' to plates— all graduations on sil- . , 

ver plate. The degrrees of the riucr and horizontal plate numbered in 
two rows, one row in quadrants [O^ tO OO® each Way), and the other row 9 
continuous one (for repeating an angle) from 0° tO 360°. — Double OppO« 
edte verniers to horizontal limb. — A 11 the level bubbles gfround.^Long 
sensitive level bubble, vertical arc, clamps aiid tangent screw movement to 
axis of Telescope. — Tangrent screw motions, both to the horiz(intal 
limb and vernier plate, damps On Telescope axis, arranged with sight- 
ing slits and index marks, for rigfht angrle sisrhtingr (for offsets). Teles- 
cope achromatic and erectins:, of extra higrh power and range, (magnifies 
28 diameters ; and will read time on an ordinary watch dial at 983 feet 
distance). Telescope balanced in its axis, reversing' both at eye and 
object ends, and with one end of its axis adjustable.— Slide for closing 
aperture in cap, when not in use. Shiftingr tripod head to tripod, for pre- 
cisely centring the in.strument over a point, after approximately setting: by the 
tripod legs. Extra wide openingrs in vernier plate for reading the hori* 
zontal limb. —Tripod head, with the levelling rcrewa, etc., detachable 
both from the instrument proper, and from the tripod legs, for packing away 
in the box. — Length of Telescope lOJ inches ; Diameter of object glass i\ ^ 

inches $S20.00 . 

The instrument is securely packed in mahogany box, with leather strap, hooks* 
lock and key.— India-rubber washers to the bottom of the box to prevent 
disarrangement of the adjustments by transportation. — Packed in each boX, "^^^ - 
and included in the price, are a magnifier for the easy reading of the graduations^ ■ ^ 
plununet, sun-shade for Telescope, adjusting-levers, and two screws- 
drivers. 

Plain Transit— similar to the above in every respect, excepting that it 
has no level, vertical arc, clamps nor tangent screw motion to the axis of 
Telescope $185.0<> '* 

EXTRAS TO PLAIN TRANSIT. .^ 

By attaching the first three following extras (weight about 16 ounces) to a plain ■« ,, 
Transit, it is changed into a '* complete, combined Transit and Leveling Instru- , ] 
ment. 

Vertical circle 6J inches diameter (reading to minutes of arc) $25.00 "i 

Or vertical arc, 7 inches radius, and vernier clnrap 15.00 

Clamp and tangent movement to axis of Telescope 15.00 

Long level on Telescope, ground bubble and scale 15.0C 

" Slit sights ** on Telescope, to fold down on the Telescope when not in use. 12.00 

EXTRAS TO EITHER PLAIN OR COMPLETE TRANSIT OR 

LEVELING INSTRUMENT. 

(Any or all of which may be added at will.) 

Rack and pinion movement to eye piece (for focussing cross- wires).....,.., 5.W 

Adjustable Stadia hairs (with accurate artd firm adjustment to th^ ^\\(\e9^ 

and so arranged that the Micrometer or Stadia hairs can be adjusted 

without distiirbing in the least the adjustments of the ordinnrv horizontal 

tnd vertical hair). Unless otherwise ordered, we adjust them so as to 
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precisely take in 1 fbot of a rod, placed at lOO feet distance from the in- 
strument $10.00 

liSztra detachable top Telesoope, fur vertical sighting in shafts. For 
deecription uf this Telescope, and manner of its use, see i>asre 7 35.0(1 

(This Tele:KX)pe i&only furnished at thu price mhetk ordered with the instru* 
ment.) 



TRIAL OF INSTRUMENTS EEr-»?.£ A^.ILaL FLi^UASE. 



^Ve judge from nuraenjO!' Wurrj r«:»- .v .i '•,.- ^ -.« - ^uk »..;•.»•.<.•«_•»» that 
itf have iDm-A-«l th« |»iwer «t" ti.rr »,r:.._i.rT f-.''.' >., t..i.. l«^-u~ aui<ie 
ii;iuic, that a |>trj<.uil eiaiuiua:: .r. vt u... '7 .-^- :^' »:.■! it.<truru*-iit i 
ijvl'ire making a final pur.hA«v. » •,.. i ••- n. >■ ^- --_ -. -r t., j<trti.» »li<» 
ire hut slightly ac-iuaiuttd w:tii u? a:, 1 jr r- ;.^-_»-, :^ ',W p.,jk.. t-. i>u( h 
tiif t;.ll.jwiug prc)|»^iti.,n : «.Hi nxAk.::.^ i^L, ^u-^. w« -.w k .•. i ..f ii.«truim-iit 
III- y (Iwire, we will forwanl it u> i:.- r »,;:.-»«. |.t «xrrv— ; a;,.| »e «ill 
■iirwt theexi)rtt<s a;;fnt on .Wivrrr ..t tr.^ u.^-j-:..- : v.'<-> ...<t i.V ara...|iit 
"t our bill, but lustead of lorwar.l.:.^' u. u^ :zi.-.,^\ a:- .v *.. i, u-iial. h«- will 
h. 1.1 the mouey on (if|..»^it {„r -ay i- jr .1^,-. .,r u: :..'•.:..- iMr-i^-r fl.all 
huve thoroughly t«.t.-.l the iuMru-i.^it ia ;.-.- ti-.L T:.- i-ir-t.a^-r «-an 
take the iu..tru,nent and give it an a^tua; trl^i m t:>- ti.*..l J.,iir .lavs 
> "Uld be ample tor thi.,. and if n < i ^:A a. r-: r^i^-^.j. rtri.-tlv fir:i. 
ite in all parLs and p^rfctlr *a:U;a.t..rT in .-v.m- r^i^-. h,- mav'r.turn 

t to the eipreH agciit More the «[. rati-n ..f ti',^ t<.ir .i.-»v.. ai.d' r.-«-.-ive 
e rauney i«Kl in tull and no ^le. T:.^ .xi-r^ a -nt »;;. u.^-n r.-turn the 

!m r,!f1 ^ "* "' **"' "f"'"-^- ^'■' f— -v^r. th. i,.-trum.-i.t in not 

• 1^5^! "P'*^' """" *"'''" '*"■ >••"■■ 'i^^-- « »5il »»- pr.-'in...l that 

Jtv h n ^^ **!'^' '":*"•'■^ «* i" »;» our ..t:.^r ki..*. .^t .'.rijrinal war- 

t-rrtCuSki^iT^ «" -^•^'^ *•- « i--^ --"' "^ - 

Haech 25. 1874. 



Keport ), lu IV... ^- - 

Or one extension leg, to suit regular Tripod 5Q() 

Plated reflector for graduation.s (pee page 7) 4 00 

•' " " cross hairs " " " ],,*[, 400 

8maK adjustable Table for lamp " " " .'.V.7. !!.".'!!! 16.00 

Lamp for Mining Engineer of new design, can be used either attached to 
the hat, in the hand, or on table, made of heavy sheiet copper; seams lapped, 
and the copper tested as to its freedom from magnetic attraction ; weight about 
h ounces (for full description see page 7) 2.00 



HELLER &. BRIOHTLT. 

MATHEMATIOAL, OPTICAL, ENGIUEEfilHG, 6UEVEY1KQ AND ASTRO 

NOMIOAL INSTBUHENT MAKERS, 

8. E. Cor, Spring Garden ft Bidge Ave., Philadelphia. 



BXTBAS TO EITHER PLAIN OB COMPLETB TRANSIT OR 

LEVELING lUSTRtJMENT. 

fAry or rII nf which moy ^ ^^^^ « ""I.) 

Baokand pinion movement to eye pieo» ('''?!"™'"l!?l!*'"w»-wirei.). 5,00 

Adjustable Stadia hairs (with Br^,r,.fe "','!' A™, '"1j""mcm to Oi-.-lMe., 
and ,.0 arranB&i that the MicroMeter nr St'"'"' "^"i* *>«»» be adjusted 
without diMurbing in the lewt rho »Hi„aritt'*".f" "' 'I""; "rdinar, hnrl./.n.«I 
•nd vertical hairj, Unlew o 



PRICE LIST. 

precisely take in 1 foot of a rod, placed at lOO feet distance from the in- 
strument $10.00 

Idxtra detachable top Telescope, for vertical sighting in shafts. For 
deBoription uf this Telescope, and manner of its use, see paffe 7 35.0(1 

(This Telescope, is. only furnished at this price wheili ordered with the inBtra- 
meiit.) 

Plated reflector for graduations (see page 7) 4.00 

** ** " crofls wires (see Professor Raymond's paper) 4.00 

]!£Stra tripod head with three extension lege (see ''Franklin Institute 

Report''), to lower or raise the instrument in contracted workings $20.00 

Or one extension leg, to suit regular Tripod 6.00 

fimall adjustable Table to attMi^h to tripod for hotdiiig lamp, weighing 

16 oz.) and packing away in box (for description and use see page 7) 10 (M 

Extra magnetic needles, centre pins, levels, compass dial glasses, magnifiers, adjuit- 

ing levers, plummets, plummet cord, camel's hair brush and buckskin for glasses of 

Telescope. (See further priced extras after '' Surveying Compasses.") 

SMALL MINING AND RBCONNOISSANOE TRANSIT. 

A full detailed description of this new instrument, which we have lately designed 
and introduced, will be found in the pnper of Professor R. W. Baymond read before 
(he Association of Mining Engineers (wliich see). 

&mall Minlrijg and Beoonnoissance Transit, with level, vertical arc, 
etc. (similar in every respect excepting size and weight to our complete 
con»bined Transit and Level — which see) $198,00 

Our attention has been called to imitations of our Mining Transits that have 
been p'laced on the market since we first introduced our style ; and as from the tenor 
of the communications and inquiries we have received persons may be deceived by 
the close imitation, we give some of the leading points in which they differ. As 
far as the size is concerned, they are close copies^ Professor Raymond's paper giving 
all the various dimensions, and rendering inxitation in this direction easy. They 
•Jan, however, be detected in the following points. — The metal of which they 
are made is the ordinary hammered yellow brass; — the windows for reading the ver- 
niers of the horizontal limb are only half the length ; (our window openings being full 
two Inches long). Our verniers are opposite, have double readings, and read to 
singlo minutes of arc ; the imitation has single readings, and in some cases only read 
to three minutes (3^). Our graduations are upon silver plate ; the imitation on 
the brass and silver -washed.- Our centres are the *' long compound;" ihe 
imitation has the "flat Surveyor's style." Our plates, etc., are "ribbed" and 
** braced ;" the imitation ones are solid, and of course the instrument heavier. 
The Telescope is, however, the part where the greatest dilference exists, oum 
being erecting, 7^ inches long, and of a high magnifying power (over 17 diameters), 
the imitation having the ordinary inverting eye piece (Eamaden's), and being 
longer. 

EXTRAS TO SMALL MINING TRANSIT. 

(Any or all of which may be dispensed with nt will.) 

Rstra top Telescope, detachable at will, for vertical sighting (see page 

7 for description of this Telescope and manner of its use) $35.00 

(This Telescope is only furnished at this price when ordered with the instrument.) 
AdjustaT3le otadia or *' Micrometer " hairs (see regular, complete, etc., 

Transit).. 10.00 

JSxtra tripod head with three extension legs (see "Franklin Institute 

Report"), to lower or raise the instrument in contracted workings 20.00 

Or one extension leg, to suit regular Tripod 6.00 

Plated reflector for graduations (pee page 7) 4.00 

" " « cross hairs " " " 4.00 

BmaK adjustable Table for lamp " " " 16.00 

Lamp for Mining Engineer of new design, can be used either attached to 
the hat, in the hand, or on table, made of hi^avy sheet copper; seams lapped, 
and the copper tested as to its freedom from magnetic attraction ; weight about 
K ounces (ibr full description see page 7) 2.00 



PRICE LIST. 

- TUNNEL TRANSIT. 

1\Lzmel Transit, with Telescope 17 inches in length — long compound cen- 
tres, 5 inch magnetic needle, double opposite verniers to horizontal limb. 
(See page 8, Franklin Institute Report, and letter of Mr. Steele for fur- 
ther details) $298.00 

SOLAR TRANSIT. 

Solar Transit. — ^This is our regular ''Complete combined Transit and 
Level Instrument,'' with the addition of the naegmuUer Patent Solar At- 
tachment (the solar attachment is detachable and can be placed away in the 
transit box when not in use), SOO.OO 

PLANE TABLE. 

Plane Table of the moi^t approved modern construction, with Alidade — 
detached Compass box, level, scale, etc., — Table 24 inches square — 
alidade with movable edge (this is a most important and time-saving im- 
provement, as double the amount of field work can be done in the f^ame time 
as with the ordinary style of instruments, and with greater accuracy). 
Telescope extra powerful with vertical arc, and with adjustable Stadia hairs — 
Tripod very firm and with shifting head. — The whole instrument braced in 
a manner to best resist side torsion 295.00 

(liOn^r Level under leiescope, $10 extra.) 

Telemeter Bod (hmged and graduated) to use with i:'lane Table 25.00 

All the above instruments fas well as thoiae that follow) are reduced to about 
half the weigrht of instruments made in the ordinary way. — This being effected by 
"ribbing" and "bracing," all the part«*. 

The mode is fully explained in "the Report of the Committee of Civil Engineers 
appointed by the Franklin Institute of Piiiladelpihia to examine Heller & Brightly*8 
improved Transit," and in the paper read before the " American Philosophical 
Society." 

LEVELING INSTRUMENT. 

fingrineer's Leveling Instrument, with "long centre" (instrument sim- 
ilar to illustration), Telescope, bar and centres arranged in such a manner as 
to detach above the leyelinsr screws, without the possibility of jarring 
the instrument or its adjustments. — Tri|>od head. and levying screws de- 
tachable from the tripod legs, for packing away in box. — Telescope 17 inches 
long, erecting, achromatic and extra powerful. — Index lines on Telescope 
and Y's for setting vertical hair truly vertical, packed in mahogany box 
with sunshade, adjusting pins, etc.,/. $146.00 

SMALL MINING AND RECONNOISSANCE LEVEL. 

This Mining and Reconnoissance Level is a companion instrument to the 
Mining and Reconnoissance Transit, and is a fac-simile of our regular Engineer's 
Leveling Instrument (which see) in every respect excepting size and weight — length 
of Telescope lOf inches — aperture of object glass 1 inch — magnifying power 28, di- 
ameters, shows objects erect, and will read face of a levelling rod direct (i.e., without 
the aid of a target) at 700 feet. This Leveling Instrument fits the tripod bead 
of the Mining Transit, and one tripod, if need be, will answer for both. — The 
whole instrument weighs without tripod 2} pounds, and is packed in a mahogany 
box, 12 inches long, 4 in. wide, and 6 inches deep; a strap is furnished to carry box 
over the shoulder in the manner of army officer's field-glass. m 

Price without tripod (where Transit tripod interchanges with Level) 1106.00 

Tripod head and legs.... 10.00 

Pliunmet lamps with *' bompensatingr ring " (for description and man- 
ner of use see Prof. Raymond & Eckley B. Coxe's papers before the AmerV* 

can Association of Mining Engineers), singly 13.00 

Per pair 25.00 

Neat light box, with lid and shoulder strap, to carry a pair of these lamps, ia also 
furnished if desired. — Price of box with strap 8.00 



PRICE LIST. 

Ftumb-bob of bram, with steel point, accurate, (iee test for plnmb-bob).... $2.50 
Clinoxneter or Slope Level, straight bar ^ 12.00 

HELLER & BAIGHTLY^S STEEL TAPE MEASURE 

(STANDARD). 

These Tapes can be srraduated by us in any manner that may be deeired. 
For Bridge building, or Citj work, we generally make them 300 feet long. The first 
290 feet graduated and numbered at every 10 feet distance ; the next 9 feet at every 
foot, and the last foot into lOths, or even closer if preferred. For Mine or RailrOM 
work, they are generally desired either 400 (a 400ft. Tape weighs without handles 
2i lbs.) or 500 feet in length, and graduated in a similar way to the above. We also 
furnish, if wanted, a " Clampingr Handle," that can be attached to any portion of 
its length, in order that any measure shorter than the whole length can be taken withr 
out unwinding the entire length from the reel. (See account of a new measuring' 
apparatus for straight lines.) 

Steel Tape (of any length that may be desired, from 100 to 1000 feet), with no 
joint from end to end. Lengths and graduations of precise U. S. standard (guaranteed). 

Fii-st 100 feet $6 00 

Every extra 100 feet 5.60 

At the above price every 60 ft. is marked and figured, but no reel nor bandleti 
are furnished. 

EXTRAS. 

Every extra grraduation and figuring, each f .20 

liargre brass handles to unship, each 1.50 

Reel, with handle and stop, (to wind up Tape) 3.50 

Spring" Balance, to use with above '50 

Clamplngr Handle 1.80 

Small Sleeve of brass. This sleeve is tinned inside, in which the ends of 
the tape when broken are slipped, and then noldered fast by merely heating 

the ends of the sleeve with a hot |K)ker M 

Small brass clamp (to fiisten on tape to mark any point which is to be used 
several times) 76 

The cost of a 100 foot Tape, graduated and figured up to 90 feet at every 10 feet^ 
the next 9 feet at every foot, and the last foot into lOths, would be (without reel or 
balance) : ' ' 

Tape (graduated at every 50 feet) $6.00 

124 extra graduations and fignrins: the same, at 20 cents each ^ 4.80 

Pair of brass handles (to unship) 3.0 

13.80 

LEVELING RODS. 

Self-readlnfiT (but with target) Philadelphia Leveling Rod $18.00 

Ne'W York Leveling Rod and Target 16.00 

Rangrin^r poles for Transit, 8 feet long 2.26 

10*' ♦* 2.50 

Barometer for Leveling, Surveyings or Heconnoissances, dial 
graduated to rend from 8000 to 10,000 feet altitude — these barometers 
are carefully tested by us with a standard Barometer in the following 
manner. We place tliein under the receiver of an air Pump, and as the 
air is exhausted (equivalent to ascending a mountain) the two dials must 

note the same height from 26.00 to 35.00 

Metal ''AUgningp' or Banging Poles 6.2i 

These poles were designed by us for very accurate sighting in Tunnel Kngineeringp 
and gave such good satisfaction, that we have introduced them for close city and other 
work. Tliey consist of a heavy bronze tube 11-16th8 of an inch outer diameter and 
about 7 feet long, divided off into feet, which are painted white and red alternately, 
with brass shoe and steel point on one end, and on the opposite end a drill for trans- 
ferring centres into stone, etc. ; and as the steel points and the tube are turned in a lathe 
at the same time, absolute coincidence between the rod and the points is had. The 
weight is about that of an eight-foot wooden pole; they will stand a heavy blow with* 
out bending, and the cost is but little more than for the inferior wooden onea. 



PRICE LIST, 

SURVEYING COMPASSES. 

As we make and test oar CompaRseB in a more accurate manner tliaxk xk 
usual, we are compelled to charge a lli^lier price than Ih asked for thoee made in 
the ordinary manner. (For defects of ordinary Compass, see Purveyor's Compa8».) 

20. StirvesriDfirCom.p€UB8, 16 inch plate, 6 inch majBcnetic needle. Two 
straij^ht (groand) leyels, oatkeeper for keeping tally in chaining; sights 

§radnated for the pnrpose of taking lerels, or angles of elevation or 
epression ; Ball and socket for Jacob Staff mounting ; Cover to glass, 

and the whole instrnment packed in mahogany box $56j(M 

Sl« Same instrument as No. 20, but with an extra Nonius plate, read- 
ing to singrld minutes of arc, for adding or subtracting the mafir- 

netlc variation. 66.00 

d2. Same instrument as No. 20, but with 15 inch plate and 5} inch 

magnetic needle 52*00 

23. Same instrument as No. 22, but with the extra nonius plate for the 

magnetic variation. 62,00 

liight Tripod head and legs to lit any of the above compasses ^.25 

Xjigrht Tdpod similar to the ones furnished with the Engineer's Transit 
or Level (see cut), combiningr the ball and socket for approxi- 
mately rapid levelling, and the four vertical levellinfi: BcrewB Sot 
the precise levelling of the instrument ; — Clamp to the centre 18.00 

24. Pocket Surveying Oompass, 2} inch needle (sensitive) folding 

sights, cover to dial and packed in morocco box 16.00 

25. Similar to No 24, bot with ball and socket for Jacob Staff mountings. 19.00 

The metal of which all these Cohi passes are made is very dense and hard, and 
not the ordinary hammered yelloW brass. 

Extra large size Transits, such as are used by the XT. S. Coast Survey , with 
horizontal limbs of from one to three feet diameter, and reading by microscopes to 
fleconds of arc, and furnished with powerful Telescopes, or for Astronomical 
Transits — ^pxice list will be famished on application. 

EXTRAS. 

Needle and cap 5.00 

Centre-pin : : 1.00 

Compass glass 1.00 

Magnifier for graduations 1.00 

CameFs hair, brush (for glasses) .50 

Buckskin " " 26 

Variation plate to either •* Plain ^' or " Complete Transit '' 20.00 

Bod level (for plumbing rod or pole) 5.00 



PBICE LIST. 



8T7BVBYOB*S AND ENQINEBB'S CHAINS. 

Sunreyor's Chain, 2 poles, 50 links, No. 9, wire oval rings $2.00 

** 2 " 40 "" 8, '• 2.75 

^ 2 '^ 60 ** 8, "" 2.75 

^ 2 " 50 ** 7, *• 3.75 

-* 4 " 100 ^ 9, wire round ringH 3.50 

** 4 " 100 " 8, wiw oval rings 4.50 

« 4 " 100 " 7, '* 6.50 

^ 4 ^ 100 "^ 12, best steel wire, brazed links and 

rings. 10.00 

** 2 ^ 60 ^ 12, best steel wire, brazed links and 

rings 5-60 

Ebgiaeei's Chain, 60 feet, 50 ** 7, wire... 4.00 

*" 100 " 100 ** 7, " 6.00 

^ 60 '^ 60 ^12; best steel wire, brazed links and 

rings • O.Oi)^ 

« 100 '^ 100 " 12, best steel wire, brazed links and 

rings.. 11.60 

• ■ * • . * * 

OHESTBBMAN'S STBBL TAPE MBASUBES. 

Theee steel Tapes, we always test with the true United States standard, and give tfi« 
purchaser a note of the oomparison and the state of the thermometer at the time of 
testing. (See straight line measurements.) 

Steel Tape Measures; all steel, to win(| np in a box, same as linen measures. 
Steel Tape Measure, 10 feet long, in lOths or 12thp, in German Silver case, 

each $3.25 

Steel Tape Measure, 10 feet long, tape divided on one side to 12ths,and on the 

otherto centimeters and millimeteri 3.o0 

Steel Tape Measoce, 25 feet long, in lOths or 12ths, each 5.00 

^ ** 33 ^ *' a « 57'^ 

u « 40 ^« u u u^ 7 00 

« « 60 " « « « ^ 850 

« "* m ** ■ ** *" *< 9.00 

« ** 75 ** u u u. 1100 

^ ^ 100 ^ ** « « 1400 

Steel TafM Measure, 3 feet lon^r, in German Silver case, with spring and stop, 

tape divided into lOths or 12thfl of a foot 1.50 

Steel Tape Measure, 4 feet lon^, in German Silver case, with spring and stop, 

tape dlvided^into lOths Gt 12ths of a foot. 2.00 

Steel Tape Measure, 5 feet long, in German Silver case, with spring and stop, 

tape divided into lOtlw or 12th8of *^ibot 2.2{^ 

Steel Tape Measure, 6 feet long, in German Silver case, with spring and stop, 

tape divided into lOtfas or ISths of a foot. 2.50 

Steel Tape Measure, 3 feet long, tape divided on one side to 12ths of a foot, and 

the other side ia centimeters and millimeters. 1.75 

Steel Tape Measure, 4 feet long, tape divided on one side to 12tlis of a foot, and 

the other side to centimeters and millimeters..... 2.25 

Steel Tape Measure, 6 feet long, tape divided on one side to 12ths of a foot^ and 

the other side to centimeter sand millimeters ...... 2.50 

Steel Tape Measure, 6 feet long, tape divided on one side to 12ths of a foot, and 

the other side to centimeters and millimeters. 2.76 

CHBSTBBMAN'S METALLIC TAPE MBASUBB. 

Metallic Tape Measure, 24 feet long, in lOths or 12ths, each |1.80 

*< 33 " •" " " 210 

« '* 40 « "^ a u ; 2.60 

"* i< 50 « « « <* 2.50 

'* " ^ « « « « 300 

'• ^ . 70 « « u a 325 



PRICE LIST. 

Metallic Tape Measure, 75 feet long, in lOths or 12thfly each « ^3/ 

" " 80 " ** " " 4.00 

" «« 100 «« •* «* •« .• . 4,60 



SWISS DRAWING INSTRUMENTS. 

Being frequently called upon to fumiHh the entire field and office outit for BaiTroadA 
find Civil Eiigineere, we here insert the prices of some strictiy first-clasB Gernian Silver 
inHtrumentf), and of office stationery. The drawing instniments are somewhat higher 
In price than the common sort, but are such as we furnish when the quality is left to 
our judgment. They are examined by us before forwarding, to see that the steel pointx 
are properly hardened and tempered, that the joints work equally, the drawing pens 
properly rounded and sharpened. We can, however, furnish, at catalogue prices, tnoee 
of any firm that may be. desired. 

^Plain Dividera, 4i inches long, each :...... $1.50 

Plain Dividers, 5 inches long, eadi ......' 1.75 

plain Dividers, 6 inches long, each 2.50 

Hair Spring Dividers, 4J. inches long, each 2.25 

Hair Spring Dividers, 5 to 6 inches lon^, each 2.50 

Dividers, 6f inches long, with Pen, Pencil, Needle Points and Lengthening £iar. 6.50 
Dividers, 6} inches long, with fixf-d Needle Point and Loose Pen, and Pen 

Points and Lengthening Bar 6.00 

pividers, 6^ inches long, joints in each leg, with Pen, Pencil, Needle Points, 

Dotting Pen and Lengthening Bar "^.OO 

• Dividers, 4 inches long, with Pen, Pencil and Needle Points 5.00 

Dividers, 4 inches long, with fixed Needle Point, and Pen and Pencil Points, 

changeable 4.50 

Dividers, 4 inches long, with two fixed Needle Points , 3.00 

Dividers, 4 inches long, with fixed Needle Point and Pen Point 3.00 

Dividers, 4 inches long, with fixed Needle Point and Pencil Point ^....^ ^ 3.00 

Dividers, 4 inches long, with Spring and Set Screw, Needle Point, Pencil Point 

^ andtwoPen Points 7.00 

Proportional Dividers, 6J inches long, finely graduated for lines 8.00 

Proportional Dividers, 6| inches long, finely gradnated for lines and polygons. d 00 
Proportional Dividers, 9 inclies long, finely graduated for lines and polygons.;. '10.00 
Proportional Dividers, 9 inches long, with micrometer adjustment^ finely gradu- 

• ated for lines and polygons 12 00 

Proportional Dividers, 8 inches long, with rack adjustment, gradnated for lines. 10.50 

Bisecting Dividers, 7} inches long, each 4.25 

Pocket Dividers, 5 to 6 inches long, with sheath, each 2.40 

Three-Legged Dividers, 5 to 6 inches long, each ,.... 4.25 

Bteel Spacing Dividers, 5 inches long, with Ivory Handle 2.50 

** " 3J " with Ivory or Metal Handle .-., 1.50 

»* • " 3i " with Ivonr Handle and Needle Points.. 2.50 
Beam Compass, 20 inches long, in 2 bars, with Pen, Pencil and two Straight 

Points 925 

Beam Compass, 21 inches long, in 3 bars 10.50 

« 36 " 4 " 15.00 

" 54 " 4 " , 21.00 

Furniture for Wood Bar Beam Compasses, in morocco box 7.00 

Furniture for Wood Bar Beam Compasses, not in morocco bt» ^ ... 6.75 

Boxwood Bar, 24 inches long, divided 2.50 

Pillar Compasses, or Pocket Set of Instruments, with Points to change 7.50 

Pillar Compasses, or Pocket Set of Instruments, with Points to change, and 

Handles to Bow Pen and Pencil 8.00 

Pillar Compasses, or Pocket Set of Instruments, with Points to turn « 7 50 ' 

^ring Bow Pen, all steel. Ivory Handle. 200 

** " with Needle Point, all steel. Ivory Handle 2.40 

, *' « German Silver .*. 2.00 

** " " with Pencil Point 8.00 

A U Steel Spring, Bow Pencil, Ivory Handle 2.00 

« " " " Needle Point 2.40 



PBICE IJBT, 

Diawing Pen. 4} incheBkmg^ with joints. $1.25 

" 5^ ** •• 1.40 

•' 6* •* •* l.«0 

BomL or Double Drmriog Pen 3.75 

" " •* with joint in each Bide. 3.00 

Dotting Pen, with one wheel 2.00 

" with MX wheels.. 8JM) 

Horn Centre, with German Silver edges 40 

German Silycr Centre, with handie 60 

** Pasiening Tacks, per doxen 60 

Bteel Fastening Tacks, per docen 75 

Irregqiar C^r¥eB of Horn » each .■ ^... .aw*. ..•• 75 

Rolling Parallel Rule, ebony 3.00 

Eccentric Rule^ 11 inches long. 2.00 

* Parties wanting cases made np of these Instruments can select the |>ieces. by the 
above lint, that are best adapted to their purpose, and we will have boxes* made to suit, 
at an additional cost of from $7 to $15, according to the size of the boxes, which are 
made of rosewood, mahogany or walnut, highly tinished. 

PAPER PROTRACTORS. 

Whole Circle Protractor, 13 inches diameter, half degrees, on drawing paper, 
each. , ..., 30 

Whole Circle Protractor, 13 inches diameter, half degrees, on Bristol boards, 

each... , , 40 

Half Circle Protractor, 5 inches diameter, half d^reen, on Bristol boards,. 

, each »r.. 25 

FEE90H TSAOINa PAFEB. 

PINE QUALITY, VERY CLEAB AND STBOKO. 

Id Sheets. Royal, 19x26 inches ;.per quire, ^I.OO 

'* Super-Royal, 21x26 inches ft 1.50 

" Double Elephant, 28x40 inches « 2 00 

In Rolls, 20 yards long and 42 inches wide, per roll, 2.00 

" 20 « 40 " *^« S.50 

Vegetable Royal, 19x25 inches, per quire $2.00, per sheet : 15' 

" Super Royal, 21x26 " " 260, " 40 

" Double Elephant, 28x40 " " 10.00, " 65 

** in roils of "22 yard^ 54 inches wide, per roll 5.00 






CONTINUOUS OR ROLL PROFILE PAPER, IN OONTIN* 

UOUS ROLLS OP ANY LENGTH. 

I*iate A.— Rulings 22 inches wide, Horizontal Divisions, four to the inch ; Ver- 
tical Divisions, twenty to the inch, and having every tenth horizontal division 
line and every fiftieth vertical division line heavier than the others. Price, 
per yard ^ 

Plate B.— Rulings 22 inches wide, Horizontal Divisions, four to the inch ; Ver- 
tical Divisions, thirty to the inch, and having every fourth horizontal diviHion 
line and every twenty-fifth vertical divimon line heavier than the others. 

, Price, i^eryard « ,... gO 

Plate B.---Rii lings 9 inches wide. Horizontal Divisions, four to the inch ; Ver- 
. tical Divisions, thirty to the inch, and having every fourth horizontal division 
line and every twenty-fifth vertical division line heavier than the others. 
: Price, per yard , , 20 



PRICE LIST. 

MUSLIN BACKED BOLL PBOFILB PAPEB. 

Jkfnslin Backed Boll Profile Paper> of either Plate A or B, 22 inches wide, in 

rolls of 20 yards, peryard •. 76 

Huslin Backed Boil Protile Paper, Plate B, 9 inches wide, in rolls of 20 yards, 

per yard • - 50 

Plate B corresponds to that in sheets known as BrovnCs Profile Paper. 

OBOSS SECTION PAPEB8. 

Topographical Paper, 14x17 inches, ruled 400 feet to the inch, per sheet 12 

cents per quire $1.76 

Trantwine's Cross Section and Diagram, 10 feet to inch, for embankments of 
X4 and .24 feet, roadway, and for excavations of 18 and 28 feet, rulings 19Jx]2 

inches, per sheet, 25cents pcfr quire, 5.00 

Gross Section Papers, rulings 22xl6inches, 8 feet to inch, per sheet 25c., ^' 5.00 

" " " 10 " *' 25c., " 5.00 
« « " " 10 ** every fifth line 

heavy, per sheet 25c., per quire 5.00 

Cross Section Papers, rulings 22x16 inches, 16 feet to inch, per sheet, 25c., " 5.00 

All the Profile amd Cross Section Papers can be furnished, printed with red or ffreen Hoes. 

FIELD BOOKS. 

lievel Book, 7x4 inches, made of superior drawing paper, per dozen • $6.00 

" 6Jx4 " extra smooth paper " ~ 4.50 

Profile Level Books, 7x4 inches, made of superior drawing paper. ~ 7.50 

Transit Books, 7x4 inches, made of superior drawing paper, *' 6.00 

*' 6Jx4 ** extra smooth paper " 4.50 

Becord, 7^x5 inches, made of superior writing paper " 9.00 

Cross Section Books, 8 inclies long by 7 wide, for Topography. *' ~ 12.00 

BOUND PBOPILB BOOKS. 

These books are for field or office purposes, being printed on both sides, of a tough 
thick paper, and bound in flexible covers convenient for the pocket. Each page con- 
tains a profile of three thousand feet in length, so that each folio will contain an aver- 
age section of a road as usually laid out for construction. Railroad and other engi- 
neers w;M find them very useful. Size of book 8} by 5| inches. The rulings cor- 
respond to the large profile plates A and K 

Pla^ A, 25 leaves imitation Turkey morocco, with elastic band $2.50 

*" 50 " " •* « 3.50 

'* 100 « « " 5.00 

** 5Q " Turkey morocco, turned edges, with elastic band 6.00 

** 100 " " ** " 9.00 

P^ate B, 25 '^ imitation Turkey morocco, with elastic band 2.50 

" 50 " " " ** 3.50 

« 100 ** " " " 5.00 

'' 50 " Turkey morocco, turned edges, with elastic band 6.00 

" 100 " " " ** _ 9.00 

PAPEB PBOTBAOTOBS. 

tlThole CircU Protractor, 13 inches diameter, half degrees, on drawing paper* 

each 80 

Whole Qrcle Protractor, 13 inches diameter, half degrees, on Bristol boards, 

each.M *...- 40 

Half Circle Protractor, 5 inches diameter, half degrees, on Bristol boards, 

Mch ~ » « 25 



PBICB LIST. 

DRAWING STATIONERY. 

WHATHAH'B HOT AHD OOLD-FSBSSSD DRAWING FAPESfl^ BELEOTED. 

Demy, 20x15 inches..... per quire, $1.00 $0.85 

Medium, 22x17 " " 1.50 1.25 

Royal, 24x19 " " 2.00 1.60 

Super-royal, 27x19 " " 2.50 2.00 

Imperial, 30x21 " ** 3.50 3.00 

Atlas, 33x26 " " 5.25 4.50 

Double Elephant, 40x26 " " 6.00 5.75 

Antiquarian, 52x31 " " 30.00 18.00 

Whatman's papers, hot pressed, have smooth surfaces ; cold pressed, have fine grain 

surfaces. Best and second quality of Whatman's papers are made of the same mate- 
rials ; the best is free from spots and imperfections. 

OOVTIHUOUS DBAWITO PAFEB. EXTEA WEITB. 
Ik bolls of 30 to 50 pounds. 

German make, 36 inches wide, per pound $0.35, per yard 20 

** 36 *' thin superior, " 45 ** 33 

" 42 " thick, '* 40 " 30 

" 42 *' ** superior, ** 45 " 36 

42 « thin, « 35 « 24 

" 54 *' thick, ** 46 " 60 

'• 54 " thin, ** 46 " 36 

Best egg shell, 59 " thick, ** 46 '* 66 

** 69 " medium, " 45 « 47 

** « 59 " thin, *' 46 •* 42 

MUSLDT BACKED OOHTIHUOirS DBAWIKa FAFEB. EZTBA WHITE. 

In bolls of 10 yabbs. 

Best German Paper, 42 inches wide, per roll $8^, per yard.. . $1.00 

" « 64 " '* 11.75 •' 1.40 

'* « 69 '* " 13.00 " 1.60 

OOVTnrUOnB BBAWIHG FAFEB, BUFF TIISTT, FOB WOBKIHa DBAWIHQ8. 
Best English make, in bolls of 30 to 40 founds. 

36 inches wide, medium thickness, per pound $0.25, per yard.. «... 16 

66 *' *« " 25 '^ 26 

Best Aicebican make, in bolls of 70 to 100 founds. 

30 inches wide, thick, per pound $0.12, per yard 10 

42 ** u A 12 " 16 

48 « « " 12 " 18 

54 *« " " 12 « 20 

FuU rolU only of oonHnuous paper aoldhy the pownd at above rates, 

TBAonra ob vellux cloth. 

In Bolls of 24 yards, both sides glazed, or face glazed and back dull, suitable for pen- 
cil marks. 

Imperial, 18 inches wide, per roll $5.00, per yard 26 

" 30 " " 6.90, ** 30 

" 36 " " 7.60, " 40 

'* 42 " « 10 50, « ' 60 

Sagar^s Patent,18 " " 6.00, ** 26 

" 30 '• «* 7.60, " 36 

" 36 « « 8.60, « 46 

^ 42 « « 11.00, *« 65 



BOOKS ON CIVIL EKGINEERINa, SURVEYING, ETC. 

LESLEY'S MICROMETER 

Leflley's micrometer, (see page 35,) with units of either one half-inch, one centi- 
meter, or one half-tenth of a foot, as may be preferred, with one removable 
ring divided into 100 parts. Packed in neat morocco box,^ with compartment 

for clian<>;eable rings $25 00 

Cliangeahie rings, divided into 100, 50, 48^, 96 or 192 equal parts, each 1.50 

" ** 500 " " " " 2.00 

" « 165 " " " " 2.25 

Blank rings will be furnished at $1 each, and will also graduate the ring into 
Bny number of parts that may be culled for. 

The direct nse to which each of the divided rings can be put to is as follows: The 
100, 50 and 500 can be used on all three units. The 48, 96 and 192 are intended for 
laying out builders' work with the half-inch unit, where feet, inches and eighths of an 
inch are used. They couhl of course be used with the centimetre if it was desirable 
to divide the metre into 4800, 9600 or 19200 parts or into such fractions of the latter 
as 400, 800, 1200, 600, etc. 

In like manner the first three can be used to divide the foot in 12, 24, 120, 10, 20, 100, 
etc., or the inch into 1, 2, 10, 20, etc., or the metre into 100, 1000, 500, 5000, etc. The 
plain riirg is intended to be used for extraordinary scales, and is used as follows: take 
a large printed paper protractor and gum a small piece of white paper on it; then lay 
off around the large protractor the number of divisions the half inch (or half tenth or 
centimetre) isto be divided into. This can easily be done by calculating the number 
of degrees and fractions of a degree to a division. By drawing fine lead pencil lines 
across the protractor from one side to the other, the paper in the centre will be divided 
into the desired number of parts. Cut out from this a ring of paper the size of the 
brass ring and gum it on the latter, which will then be the desired scale, which can be 
placed on the micrometer. The ring cut out from the paper must, of course, be con* 
centric with the protractor. 



BOOKS ON CIVIL ENGINEERING, 8UBTETING, Etc 

Should any other works on kindred topics be desired we will furnish them at publishers* 
prices. 

LESLEY. Manual of Coal and its Topography, with plates, new edition. By J. P. 
Lesley, in press. Philadelphia, 1874. 

TRAUTWINE. The Field Practice of Laying out Circular Curves for Railroads. By 
J. C. Trautwine, C.E. Ninth edition, revised and enlarged. 12mo, morocco, tucks. 
Philadelphia, 1874 $2 M 

A -New Method of Calculating the Cubic Contents of Excavations and Embank- 
ments by the Aid of Diagrams. By J. C. Trautwine. Fifth edition, revised and 
enlarged. Philadelphia, 1874 2 00 

The Civil Engineer's Pocket-Book. By J. C. Trautwine. Eighth thousand, 

tucks. Philadelphia, 1874 6 00 

MORRIS. Easy rules for the measurement of Earthworks by means of the Prismoi- 

dal Formula. By Elwood Morris. Philadelphia, 1872 ; 2 00 

HAUPT. The Topographer ; his Methods and Instruments. By Lewis M. Haupt, 

A. M. C. E 4 00 

MAHAN. An Elementary Course of Civil Engineering. By D. H. Mahan. 8vo, 
cloth. New York .". 5 00 

VOSE. Hand>Book of Railroad Construction. By £leorge L. Yose, new edition. 
Boston, 1873 20 00 

GILLESPIE. Manual of the Principles and Practice of the Road-Making. By W. 

M.Gillespie. 1 vol. 12mo, cloth, Tenth edition, enlarged 2 50 

HAUPT. Manual of Engineering Specifications and Contracts. A text-book and 
work of reference for all who may be engaged in the theory or practice of engineer- 
ing. By L. M. Haupt, Professor Civil Engineering University of Pa. 300 pages.. 3 00 

HTONE. Magnetic Yariation in the United States, with Records of Observations at 
over Eight Hundred Localities in the United States, Canada, Mexico and Cuba, 
from the year 1640 to the present date, and the rate of annual change. By J. B. 
itone. 1 Tol.» 12mo,olotb 1 60 
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